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COMPENDIUM 


' Algebra. 


CONTAINING 
Plaiwand Eafie Rules, for the Speedy 
attaining to that A RT. 


Exemplified by various PROBLEMS, 
with the So/urion of their Equations in Numbers. 
) Bo 
A New and Genera! Method of Reſolwng all kind 
of Equations, With great Eqſe and Expedition, 
very Different from all others yet Extant, 
APPLIED 
To $ quaring the Crrcle, Making of Sines, Tan 
| gents and Logerithms with great Facility. 
ALSO 


An Appendix concerning Compound. Intereft and Annuities. 
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{Heretofore a General Gauger in the Revenue of Exciſe. 
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TO IHE 


Honour'd, and Learned 
Mr. JOSEPH RAPHSON, 
Fellow of the Royal Society. 


SIR, 


HE Mathematical Sciences have always 

been found & ſuch general Uſe and Ad- 
vantage amongſt Mankind, That 'tisno won- 
der all Ages have produc'd fo many Great 
and Eminent Perſons, who have employ'd 
their Studies for the Improvement of thoſe 
Excellcnt Arts, Wherein their Labours have 
had great Succels ; ſuch were Euclid, Archi- 
medes, Ptolomy, Galil;eus, 8c. But to omit all 
others, and come to our own Country and Ape, 
What great Improvements. have been lately 
made ? To inſtance only that of Logarithms 
(the Noble Invention of the Noble Lord 
| Napeir ) ſo uſetul and neceſlary in the molt 
conliderable Parts of Mathematical Operations. 
Not inferiour to any of theſe, is your own 
D:ſcovery of Reſolving Adfeed Equations , 
the Value and Advantages of which, ſucceed- 
ing Ages will be enforc'd to acknowledge, as 
AY that 


The Fpiſtle Dedicatory. 


that which has not only awaken'd, but en- 
courag'd the Sublimeſt of Mathematical Ge- 
js to proceed in the further Diſcoveries of 
Myſteries as lie yet conceald, and by the 
more: Supine have been thought Impoſhbiliries, 
Among the reſt, I (although the Meaneſt, yet 
not the leaſt Laborious) have preſum'd to give 
the World a Taſte of the Efi-Qs of ſome Years 
Experience. And theſe my firſt Fruits I humbly 
Preſent to your ſelf ( worthy Sir ) as being a 
Perſon, who for your peculiar Learning, Pains 
and Induſtry beſtowed on this particular 
Study , may deſervedly be deem'd the moſt 
Comperent and Proper Judge of theſe enſuing 
Pages, which if you are pleas'd to Accept and 
Approve , you will thereby become my Pa- 
tron to protect me from the Cenſures of others, 
[| am 


SIR, 
Tour meſt Obliged, 
And Humble Servant, 


FOHN WARD. 
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D. 


TO THE 


READER: 


Have adventur'd in this Critical Age, to preſent 

the World with theſe few Sheets, which are 4 
Compendium of ( that Univerſal Part of the 
Mathematics ) Algebra ; not inſenſible that /& 
veral very Eminently Skilful in all Parts of Ma- 
thematical Literature , bave both Largely and 
Learnedly <bandled this moſt difficult SubjeR : The 
Thoughts of which almoſt prevented my Attempting 
any thing of this Nature. But when I conſider d 
that moſt of thoſe Authors Works were ſo voluminous, 
that many Perſons who bave a Mathematical 
Genius or Fancy tending that way, might perhaps 
want Time, or other Conveniences ſuitable to the 
Peruſal of ſuch Authors ;, and not only ſo, but ſeveral 
very wel verſed m other parts of thoſe Studies, have 
wholly declined this Art, being deterrd from it 
by the Difficulty and Tediouſneſi of Reſo!ving Ad- 
fected Equations into Numbers, there never 


| having been in any Book that I have had the 


opportunity of peruſing, ( Mr. Raphſon's Analytis 
Aquationum Univerſalis excepted ) any eaſie 
Ie thod preſcribed for effetting the ſame ; which 
IT was moſt certain I could perform with great 
Facility and Expedition, 
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To the Reader. 


Tree Conſiderations prevail d with me to be- 
lieve, That if there were ſich a Treatiſe as began 

wt the firſt Ruirments of Algebra, and pro- 
ceeded gradualy whreugh the ſeveral Parts of it, 
Plain:y 52th, * hew to form, and bring a%) Pro- 
blem ro an quation , and then frew how to 
Reſolve that Equation #nto Numbers, it mould 
undoubtedly be very Acceptable to all Livers of 
Art, 

For the/e Regſows I campe{ed this Compendium, 
contrafting the ſame (both for Convenience of 
Price and Portability ) mito as narrow % Compaſs 
as poſſibly T could (though the Contents of it would 
have filled a Larger Brock, ) and | preſume 
there is nct any thing crnmitted that mighe comduce 
towards the Learners Arraming to a perfet Knows 
ledze of this Miſtericus Art, Which is imaced the 
very Principal or Kernel of al the Mathematical 
Sciences, a: Feivg the Incentive Pre. 

To be trief, the mioie 1s Meihcdica/, Piam and 
E:jie, tre Res berg 5 PIAY, ted and freed &:m all 
Oy crriry. ana explain by various Examples in 
642 part of 3 \ bes 23rning with ( what I cal!) 

Aigebrai 'C Aritlewe, s treating of every Pars 
arjimmE ty, 

Next, 1 introduce the Learner into the uſe of 
the fame, by Plain and Eafie Lueſtions in Num- 
bers , thereby teaching him how to bring Duan- 
tities 20 an A.quation, &c, Then I ſhrew how 10 
| ExtiraF 


To the Reader. 


Extra the Roots of all ſimple Powers, bow bigh ſoever 
they are (viz. of the Square, Cube, Biquadrate, 
Surſolide, &c.) by a New and Eafie Method, never be- 
fore Publiſbed. : 

Then 1 proceed 80 the ſolving of Geomerrival Pro- 
blems, fitted for the raiſmg various Forms of Adfeted 
AXquations ; and Reſolve them into Numbers, laying 
down the Conſftruftion or Riſe of the Theorems uſed in 
;betr Solutions, 

In ſbort, the Reader will meer with ſeveral Comper- 
diows and UſefulComradions in this ſmall Treatiſe more 
then needs to be bere Numbered ; ſure I am, it will ful: 
ly Anſwer the Title Page ; however the rough and un- 
poliſhed Syyle in which iz s delivered (for 1 don's pre- 
zend ro be a Linguift) may perhaps leave room for the 
Cavils of Critics, efpecially thoſe that ſeek for oppor- 


. runixes; for ſuch 7 know there ave, thatwill find Fault 


and pick any Quarrel when out-done, or contraditted in 
gheir common Praftice, Nox 10 ſuch, but 10 the Inge- 
nou, 1 willingly ſubmit; boping thu ſmall Tra# will 
meer with their candid and favourable Acceptance ;, 
which is tbe only thing deſired and aimed at, By, 


Their Real, 
And Hearty Wcll-wiſher, 
*.- IF, 


or 
14 "obrruce 
15] a+4 
2] 120 -” "mak I3—6=2 
14l pr Innes. 
1: 23] 5 4-26 — 24d | — 2b, 
Ly gn Gloch out, bethand thus 
12 |18} Quanties: Luantities, 
19 43 DIY 36ba +666 43 — 36bba + bbb 
* Rf 28] —4e. 4 
15 | Qureanties: Duantities. 
22S /213/f=c C +c 
be. | Compaſs Gm + ced 
2 al[fron, Compoſition. 
x4 25]6 be fared being ſtated. 4 
2 
31 17 2=thet vtec > has 
. 38 [#29 = yY — 
39 | 4|—— the ath.* Divided by þ. 
5O 7 y +e=6473 — = £= 647583 
SI | 4'half the remainder, —_ the remainder. 
56 6 5 N..... IANEIIENG 
| Tan: — — r + 2e— © f 
6r [15 7Z450 277 = 450 
| 64 | 8 prob 1. Prop 1. 
67 {16 26170, 66=2+ GE. 96170, 66 = #6. 
69 [21 new 7. 3,955 new r =s, " O55 
18: FIT By: PE. 3RRa — gan 
19 + - I'T1 : Ie + — 
4 15 calls 145. tell us. 
26 from the ſame for the ſame. 
= ET. . Amount. " 
| 21[1 00: 6: £5: 100:106::1: 1, 06 
109 1311: 1,00: ; 6 |1:0,06:: 100: 


IT ip 


A 


, COMPENDIUM 
O F 


ALGEBRA. 


GHAP.-L 


f the Nature of Algebra, and Defi- 
1ition of the Symbols, or CharaCters 
uſed therein, &c. 


Shall not undertake (in this ſmall Tract) to give 
an Hiſtorical Account of the Original, or Antiquity 
either of this Arr, or its Name ; but confine my ſelf 
within the Limuts of this Deftinition, that (chat which 
s now called) Algebrg, is an Art by (the help of) which the 
nolt dirficult and oBiico Queſtions, either in Arichmerick, 
rr Geometry, may be Reſolved, by an Univerſal Method 
df Reaſoning, and comparing of known Quantities with 
hoſe that are unknown. 


And 


N 


2 Algebzatck Definitions. 

And this way ot arguing, or comparing of Quantities 
with Quantities, not only diſcovers an Anſwer to the 
Queition propoſed, but ar the ſame time doth raiſe [and 
demonſtrate) Theorems, or Rules, tor the Reſolving of all 
Queitions in the like Nature. 

And from hence it is, that ſo many Curious and Uſeful 
Theorems, Canons, or Rules are firtt diſcovered, which 
are of excellent uſe in the Practice, but would tor ever 
lie hid were it not for th:s Art. 


This Algebrazck Arithmetick, is performed by ſubſti. 
tuting of Alphabetical Letters, to repreſent as well the 
known, as the unknown Quantities concern'd in any Pro- 
blem, (be it Arithmetical, or Geametrical.) And to theſe 
Sudbitiruted Letters, are prefixed certain Symbols, Notes or 
Characters, by the help of which, the Quantities (in their 
ſbitirures) are ſo connected, and ordered, that thereby 
they become capable ot being compared, and moulded by 
Addition, Subſtraction, Multiplication, and Divition, &c. 
according to the Detign or Nature of the Queition : And 
this is ſo done, as tho all the Quantities concemn'd therein, 
(as well the fought as the given) were really known ; till 
at laſt the given Quantities comes to an £Zquation (or 
Equality) with the Quantity that's ſought, (or ſome Power 
thereof) thar fo ir may be found. 

In all which various Operations and Compariſons, all 
the Quantities concern'd in the Queſtion, remain in their 
Species {> plain and clear, that they neither burden the 
Memory, nor rack the Fancy ; bur on the contrary help 
both, by repreſenting to the Eye ( at once ) the Pro- 
ceſs of each Operation, uſed throughout the whole Ma- 
nagement of a Queſtion. 


The Methed of noting down theſe Subſtitutes in this 


- 


Trad is thus. I make choice of repreſenting the Quan- | 


rity ſoughe (be it a Line, or Number) by the ſmall (#,)| 


and if more than oneare ſought, I make uſe of the Vawels 
(e,) or (y,) &c. to rgpreſent them. And for the given Quan- 


ritics, | 


to > 1 & + - 


oO ww > a © AQ 


— - 


© 


antities 


- to the 
Ie and 
g of all 


Uſeful 
which 
Or ever 


ſubſti. 
ell the 
y Pro- 
> thele 
Ores or 
n their 
1ereby 
led by 
,, Ofc. 
: And 
IerCein, 
L 5 till 
In (or 
ower 


Algebzaick Definitions. 2 
tities, (be they either Numbers, Lines,or other Magnitudes,) 
[repreſent them by the Conſonants 6,'c, a, f, g, &c.' And 
for Diſtintion I note ( as uſual ) all Schemes with the 
Great or Capital Letters, and work all Operations with 
the imall Letters. 


If any Quantity be taken mere than once, prefix its 
Number ; as 6a, 56, 9c, 3+ d, &c. theie itand,tor a, taken 
Six times, or Six times a, Five times 6, &c And all Num- 
bers thus prefixed to any Quantity, are called Coefkcients 
(or fellow FaRors) but it the Quantity have no prefixed 
Number, (or Coefficient) then ſuch Quantity ftands tor it- 
ſe|f once taken, and is ſuppoſed (or underſtood) to have an 
Unit prefixed to it, as 4a, is 14, OT 6,15 108, Cc. 

The Signs made uſe of in this Tract, tor the more ſhort 
and quick exprefimg of Words, are the moſt General now 
in uſe, and are thoſe following. 

N. B. Note, Thar it is 'very requiſite for the Young 
Learner of this Art, to be very periect in the knowledge 
of the Signs, and their Significations , before he proceeds 
further therein ; that is, before he intermedles with any 
of the following Rules. 

AlfoI adviſe him to be very ready in one Rule, before 
he undertakes the next ; that is, to be expert in, and un- 
derſtand Aaaition, betore he medles with SubſtraTion ; 
and that of SubftraFiom, betore he undertakes that of 
Multiplication, &c. becauſe they have cach a Dependency 
one upon the other. 

And by this method of proceeding, he may make him- 
{elf Maſter thereot, or at leaſt arrive to a competcat 
RO therein, with eaſe, and in a very ſhort ſpace 
of time. 
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4 Aſebaick Definitions. 


Sens, Names. $ ianifications, 


The Affirmative Sign, and Sig 
of Addition, as a + 6, figniherY} — 
_—_ $3 Abore. that the Quantities, a, and 6, 
to be added rogether. 


Sig 


The Negative Sign, and Sig 
of Subſtraction, as a — þ, tign ©- 
herh rhar the Quantity 6, is to ix 
taken from that of 8. 


"a $3 26h 
% $3 Into. 


The Sign of Mulrnplication, a 
a X% 6, ſ1gnifieth that a, is to bj «W 
Multiplied into 6, but oftentime 
the Sign isnmitted, yet is under 
= aS #b,158 x 6. 
The Sign of Diviſion, as s — þ 
fignifieth that #, is to be Divided 
by 6; yet this Sign is alſo often 


. "© : 
omitted, as — is 8 —= 6, or thus, 


i 


The Signof Disjuna Proportion, 
25 in the Golden Rul e, and 1s thus, 
a: 6::c: 4. to be read inthis man- 
ner, -as 4, istob, ſoisc, to d. 


The Sign of Continued , or 


Geomerrical Proportion ; that is, 
=; .66 bb 


#. aa 


—_— $3 Continued. 
EY £3 Ergo. 


as-a:;b;;b: —— &C. 


Sigmfying the Product of the 
Two Extreams, is equal to that of 
the Means,and [-.*] is placed in the 
Margin atter Proportion, 


">. A 


$ T4 Ns 


Aigetaick Definitions; so 5 


- Signs. Names. Srgnifications. 
nd Sig The Sign of ;Zquarion, or Equal 
gnhe — $3 Equal, to, as 4 == 6, ſignifieth that # is 
d 6, equal to b, &c. 
The Sign of Involution, and 1s 
d Sig placed in the Margin of a Proceſs, 
, tign ©- $3 Involve, & to lignify , that ſuch Quantity, or 


[ "' 
A vy: 


AN 


4) © JT 
(THR 


a $3 Square. 


Zquation to which ir reters, is to 
be Mulriplied by it ſelf, ©c. 


The Sign of Evolution, and is 
placed in the Margin, to fignity 
the - contrary to Involution, Viz. 
The Extraction of the Root, &c. 


The Sign of Irrationallity, or of 
a Sturd Root ; over Which, if a 
Number be placed, it fignitieth of 
what degree that Root is : And 
this Number is called the Index, .. 
thus 
Square 
Cube 
Biquaarate 
Surfolide 
Signifieth an Univerſal Roof, or Root of Roots. 

The Sign of Majority, as 4 > 6, 


Denotes the 2 Root, &C. 


- $3 —_ tn thai 2 is greater than 6. 


I $3 Leffer, 


The Sign of Majority reverſed, 
as 6 Wc, lignifeth, that 6, is Leſſer 


than c. 


Signifieth the Square of any 
Numbers, or Quantities, or of an 
£quatien, as [7] a = b -+ c, &c, 
is the Square of a, more 6, more c. 

B 3 The 


6 Algchzaick Ockinitions. 


The chiet of theſe Signs, or Charatters wherewith the 
Sobitiruted pets ( or Letters) are connected, be FF Qual 
More, and Leſs, v'z. The Sign +>, and Sign — ; where Th 
Note, Thar the Sign always belongs to rhe Quamiity that 
follows it, (or is ro the Right Hand thereot,) and not to 
char which i is before it. And if a Quantity hath no Sign || 1 + 
prefix'd betoxe it, {as generally the Leading Quantity hath 
not) it's then vnderitood to have the Sign -+ prefixed, Þ that 
23S J, iS + 2, orb +a + +@H,C C. Og 


FF ſeveral Quantities be conneRed, or engaged m any Mo 
Quettion , they may ſtand in any order at pleaſure ; 
as 3 +— 6 — &, may itand thvs, » — 2+ 6; or this, 
— df obd <>, &c. being itil! rhe ſame, tho different. 
ly placed ; and theſe are called Compound Quanrities, that 
Þ is, when Two or more different imgle Quantities are con- |} 1 = 


nected rogether by their Signs, of which mere in its due 
P:zcC. _ 
tier 
The Method uſed in this TraS, of placing Ak 'es, and 
Sans in the Margin, according to the {everal Steps, or 


Proceſs uſed in forming of an - =xbaſh is the lame with 
that of Mr. Eranckers, {or rather Dr. P:{/s,) m b's Intre- 
d,Fion to Alzebra , Printed 1668, (which hath of late © A 
® been followea by others) and is thus to be underſtood. 

The Numbers 1, =, 3, 4, ©c. in the {mall Column, do 
ſhew rhe ſeveral Steps uſcd im the forming, or bringing 
the Quantities concerned in any Queſtion to an Equation :; 
And the Numbers placed | in the Margin, have relation ro 
thoſe in the ſmall Column, and the Siens placed berwixt 
the {aid Numbers in the Margin, do ſhew, how the Quan- 
frries that ſtand againit the like Numbers in the (mall 
Colymn have deen ordered , either by. Addition, Sub- 
. Rraction. or o:herwiſe. And this Method of Regittering 
the ſeveral Proceſles, is very uſeful, eſpecially in long and ( 
tedious Operations, as will more full ly appear: in the 
Precuice thereof. An Example or Two will help: to ex- | 
piain the ſame better than Wores, 


a > pug C7* 


Suppoſe 


1 the 
'' be 
chere 
' that 
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Agebzafck Definitfons. 7 


Suppoſe it were required to {et downthe Sum of the Two 
Quantities, #, and 6, according to this Method. 


Thus | 1 | » Having placed down the Qunan- 
2 | | tities a and 6, againit the Figmes 

po | 1, 2, in the ſimall -olumn, : alſo 
r1+2ſ3la—eo) againit 3, mult be placed 1 + 2 


in the Mar gin, Which denores 
that the Quantities | in the Firſt and Second Steps, are added 
together, and thoſe in the Third Step, are their Sum. 


To illuMate this in Numbers, ſuppoſe a = 8, and 
þ = 6. 
| Quanries. Numbers 
1 } 3 L 
A h 6 


+2123 +6 [SIEGE 


Again, {ſuppoſe it were required to {et 
ference of the lame Two Quantities, 


14 


2own the Du- 


Thus | 1 | # | L 

i216 | 6 

—_—ﬀ , 
SPY yr i —— © TX pany { 


Again to {et down their Product. 
Thus | 1 & | 
' 2 
x [31 ab 
Theſe Definitions of the Signs, (or Notes) Merhod, ©*c. 
being premiſed, and pretty well underſtood by the young 
Learner, (for fo rhey ought to be,) He may then proceed 
to the ſeveral parts of A 'Or; zick Art. ometick, VIZ. Aa- 
d:::on, Sich/fraFton, Mulciplication, and Diut/ion, XC. 
In the delivery of which, | ſhall begin with {ingle whole 
Quanrities, in each diſtin part thereof, then proceed mn 
the like Order with Compound Quantities, and fo on to 
Fractions, treating of each ſeparately, with wv hat plaineſs 
and brevity I can 
CHAP. 


TH” 


— ——_ 


Algebzaick Arithmetick. - 
CHAP. TI. 
Of the ſeveral parts of Algebraick 


Arithmerick, . and how the ſame are 


performed. 


C. 1. Addition cf Single whole Dugprities. 


Rule 1. WF the Quantities be a like, and have like Signs, 
add the Coefficients (or prefixed Numbers) 
and adjoyn the Quantities with the ſame Sign 


Thus | 1 | 8 | — 3b | + 5bc | — 6abe 
2 | 8 — eb | t- abr ] — 7 abc 
i Þ2|3]22 —"$6 | 9 be | — 13 8tc 


Rulc 2. When the Quantities be alike, but have unlixe 


Signs, ſubtract the Coefficient from each other, and ad-| 


joyn the Quaarities with the Sign of the Greater, 
1 | 386 |— 56 | —9%d| 10 avcd 


Thus 
—o— 76 | + 76bd5-— 12 aoca 
i +2 + 26 | — = 2 abcd 


Rule 3. But when the Quantities be unlike, (be the Signs 

«alike or unlike ) fer down the Quantities with their re- 

ſpetive Coefficients, without altering thcir Sigus, and 
thence ariſeth Compound Quantities. 


a—_— 


[ 2. 


.a 
AZ 
- 


Thus | 1 | a | a | — 7bd 
[26 — 6 | + 564g 
1:23 ia +6 ja— 6b 5 bag — 7bcd 
Alſo thus 1 | 8 — 542 
2 | b — 7 6c > 
| C — 4O Mo: 
3 2 jſiladb +} 6c — 5a — 40 


& 2, Sub- 


oY 


Fs 


-21ck 
> are 


of 2h 


Algebzaick Arithmetick, » 
d. 2. SubſtraQtin of Sing'e whole Luantities. 


General Rule. 
Hange, (or at leaſt in your Mind ſuppoſe to be changed) 
all the Signs of the Subtrahend ; rhen- ado, or collect 
all the Quantities together, (as betore i in Addition) and 
thir Sum will be the Remainder, or Difference ſought. 
For Example, Suppoſe it were required to find the Dit- 
ftrrence of theſe Quantities, 


EIW- 0+ IM 


According to the Rule, the ſame Quantities will ſtand, 
when their Signs are changed thus, 


[1 ve | 96 | _ 2 ba 
belies — 56 == 4 be | — 2 ba 
l—2|3| 8 | 3 — 3be | O 


But this may be done by ſuppoſing the Signs changed, 
without ſetting them down again. 
Thus | 1 — 4bc j — 5 bd O 
H La. "1 — 5bc : | De | — 26s 
1 —2 [3/72 [=o [3d 


| : —46 | xFbad 


— } a | — 7 bat 


| 4 —b|—38—42 5ted —+ Toap 


Again, 


1'1 
| 2 
1 — $143] 


Thus Compound Quantities, are produced by S#us/?r.a- 
Fion, as they were by Aaa:tion. 

Note, That Subſtrafiicn 1s proved, by adding the Sub- 
trahend to the remainder ; as in vulgar Arithmetick. 


Thus L | 76, — Foc Swaz), 4 abd 

£ — 26 —=- 3 bs Eamon >. / | 
1—2|3i 9b | — 2c. | + 3 fg— 4 ad 
2 +3j4| 7b — Foc | — 4 aod 


I. 2. Mul- 


70 Algebraick Arithmetick; 


d. 2. Multiplication of /ing/e whole Duantities. 
Rule 1. TF the Quantities have no Coefficients, and haye 

like Signs, joyn them rogether, whether they R 

Qs Tn 


be like or unlike, and to the Product prefix the Sign +: 


Thus | 1 | a ab — bc | ab 
| 2 | b ca | — af | — 4 
ES WEDZE. abca — bciff | ava 


Rule? 2. If there be Cocfficients, Multiply them, and te 
their Product joyn the Quantities, ({t together as befbre. N 
Thus | 5.3 7 bc | 24 bc 


b 4 ad — 6 af a 


Ix2 |;3| 52ab | 28 adbc | — 144 bcaf 


Rule 3. And when the Qyantities have unlike Signs, the Jo! 
Operations are the ſame with the foregoing ; only to the 


I 


Product prefix the Sign —. tient 
_— 7 ej — bf _— 4 — Thu 
| =| — b — a | 6 ad = 12 | 

1X2 |3 |— ao] — bed | — 42bad| — 1264 _ Fre 


From hence it appears, that like Signs produce the Aﬀer.# R 
mative Sign —+,but unlike produce the Negative Sign —- Ope 
The Reaſon thereof may be thus ſtated : Suppoſe the 
a — any Afﬀermative Quantity, and let — þ6 = — 2, 
then is b equal to 2 leſs than nothing ; (for fo are all Ne-|@ Tat 
gative Quantities.) Now to Multiply auy Number or 
Quantity, implies a putting together of the ſame, fo often Þ *- 
as is the Number in the Multiplier, as a x 2 == 24, or 
a, twice put together, But it the Multiplier be — 2, then Þ 
it implies the taking away of a, twice ; and therefore the in t 
Product mult needs be — 24, that 1s, a x — 2 ZZ — 24, 
Or & x — b —= — ab, as above, But to Multiply — a, Th 
into — 2, by the ſame Reaſon, it will take away the De-| 
fect of a, twice , which is the ſame as to ſupply it ; there-M x= 
fore — 3X — 2 =-+24,0-—4Xx— b= ab. 


dC 4+ Dt- 


tes, 


| hays 
r the) 


1 +, 
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\.. 4. Diviſion of ſinzle whole Duantities. 


Rule 1, FF they have like Signs, and no Coefficients, and 
if there be like Quantities in the Dividend, 

2s there 1s in the Diviſor, caſt of ſuch Quantities in both, 

and ſet down the other Quantities, with the Sign +, 


| l | ab | abcd — bef — abc 
1 & be | — bf | —— abc 
2[3 b ad =—— — 1 


N. B. Note, That when the Quantities in the Dividend 
and Diviſor be all the ſame, then the Quotient is an Unity; 
as in the laſt above. 


Rale 2. But if the Quantities have Cocfkcients, divide 
the Numbers (as in common Arithmetick,) and to the Quo- 
tient prefix the Quanrites. 


6 ab | — nas | 18 cd — $ af 
Log — 2 ab JC E gia 


26 | +4c | 684 + 4 


Rye 3. When the Quantities have unlike Signs , the 
Operations are the ſame ; only ſet down the Quotient with 
the Sign —-. 


Tavs [11 — &%9| + 6 ab 0 ron 0-08 
bs =) —3a3 | — 4c | + 42 ad 
I—j}3} | +26 | 3c | —2 ad 


But when the Quantities in the-Diviſor, are not found 
in the Dividend, ſer down both bagg Fraction wiſe thus, 


Thus j 1 A 6 be bat abc 

[2 | b Y 3d | abf 4. ac 
ES: 8 2 bc a b 
1 3| x | E 2 __ - 


Q. 5. In- 


12 AYJlgcbzaick Arithmetick. 


Y T Involution of ſingle whole Duantities. 


Nwvolution is performed as Mynltiplicatzon 1s,(and indeed 
I is no more but Mz/r:p/1cation differing only in this, 
Multiplication may be pertorm'd by different Multiplica- 
tors, but &zvo/ution (hill retains the ſame.) If any Quantity 
(or Quantities) be involved, or drawn into irſelt , and at 
terwards into that Product , or again, a third time, into 
the laſt Product, ec. as manifold as is the power, fo 
great mult the Number be that is uſed to expreſs it ; and 
this Number is called the Index of the power, and is ſet 
atter the Sign in the Margin. * 


Thus | 1 | # | — 2 4 | bc 
| 


I +2|2 | aa | + 4 as | becc 
I @& 3| 3 | 2a8 | — 8 aaa bbbcce-— TY 
I &4j + | 2422 j + 16 agaa | bobbcccc 7 
Ii@sS|5| azaas | — 32 daaaa | bboy»cccee 

B 


Which may be ſhortened, by placing of the Indices over Ger 
the Quantity (or Quanries) according to the height of the Wn, 


Power ; by ſuch Method the Work will ftand thus. qui 
: int 
| 1 a |—@a | b: | Root E ſuc] 

I @&2| 2 + a* | b* cf | Square 


[__4 
7.0” 
| 


1@ 3|3{ a | a* | 63 c* |} Cube 
l @& 4 | 4 a* | — a* j b4 5 | Brquadratice I 4 
1@s5|s5| a | —a*| 65 | Swrjohae, &c ' 
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K. 6. Evolution, ( or Extrafting of Rot ) of 


LP 


fmgle whole Duantizies. 

deed 
| this, wc. JF the Quantity have a Root, (which is eaſily dif- 
plica- cover'd, by comparing its Index with the Root 
ntity ſrequired, ) divide the Index of irs Power, by 2, if the 
d at {Square Root be deſired ; or by 3, if you require the Cube 
into Root, &*c. and the Quotient will give the Root required, 
T, ſo Wdealing with the Coefficients, or prefixed Numbers, as wu 
_ and YVulgar Arithmetick. 
s et 

Thus | 1] a* | 36 bþ $19bce 

iwz2lilz! a 6 b obc 

i - 86bb | bbbdad 

1Ww2[2! a | If 8bbb | \/ bbbddd 

ww 3]2) # | 2b ba 
_ | Bur if either out of the Indices, or out of the Coeth- 
the (O25, no exatt Root can be extradted, Rccording to the 


Root required ; then prefix before it the Sign of the re- 
quired Root ; and thence will ariſe a Surd Quantity, as 

_ in the Square Root of the Two laſt Examples above ; and 
fuch are ſome of theſe following. 


If a5 — 3245 | ab 2164” 
IW2|2]} & | +} 3245 | U 7b | I 2164 


1 w3zlzſ ai—V 324? | ab 6a 
Iw4|4|Y a5 | +y 324" | Y ab] I 21043 
ws ai — 24 ly abl 4 2164 _ 


Thus I have gon through the Six parts of 4[gebraick 
Arithmetick, in ſingle whole Quantities, which being well 
conſidered, (and rightly underſtood) the following will be 

vO- IB very cake ; wiz, Compound Quantities, 


CHAP, 
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CHAP. Ill. 


The parts of Algebraick Arithmertick 
in Compound (2uantities. 


in the ſame manner, and by the ſame Rules 

as ſingle Quantities are ; v:z. by putting to- 
gether like Quantitics, reſpect being, had to the Signs; 
and in caſe the Quanties be not alike, connect them toge- 
ther by their Signs, as in the laſt caſe of Single Quantities. 


Q 1. \ Daitiom of Compound Quantities is -perform'd | 


Thus | 1 | a +: e] > 2nc< nad ocrd $6.45 

21 B+ ef a—el —3a+b—2c 
i+2]|3] 24+ 2:e | 24 q 

Again, S a— bc—7|— abc bd 

2 8 — b — +3 |--2b:+36d 

4 — 2b 44-6 —— 4br—2bca 

1 —2+2|41 8+ d+: © 2bc--2þca 
Again, | ———— a* + 3bba + bbb 
2 — 6boa = 

TP as — 2ab + bb | a* + 236bba d- bob 


& 2. SubſiraFion in Compound Quantities, is in all re- 
ſpecs like thar of Single Quantities, caie being taken of 
their Signs as before. 


_ 3% | pie 9% hel 43 = 35 — 75 
b | a + 6 + ob ge 2. 9s 
| I ESTs  þ} 78 — $=—210 
>] 1 = and c 
= —d= 4ab 284 — 6 — 3c 


1—2|3| a2 —2 —-b; —w--b—4 


Y 3. Mul- 


with that of Single Quantities ; 


T5 


C 3. Alultiplication of Compeund Quanties is the ſame 


for the Product of each 


Member of the Multiplier, into all the Members of the 
Mulriplicand, (reſpe8 had to the Signs) is the Product. 


C. 4 Div: of Compound Quantities , 


| Thus | J bs — 54 | 2b + c — 2d + f 
2 2bc 
1X2 wy DF n Fav abbe = 26cc — - 8b —|-2 bet 
Again at large, 
a — b +c 
þb — d 
1X6 a —b Ft Produtt by þ 
ixd Th — ad + b4 — ac Product by — d 
l XZ 5 | a5 — bb -Þ- bc — ad - bd — ac. 
Again, 
I | a + df —3 
2 — Cc 
ab + db +fb—3b Produt by + b 
I — Cs Þ = 3c, Product by — c 
ix2 al ob + 45 hfo — 36 —ar—dc—fc 3c 


is perforn'd 


like that of Single ; and if any Doubts ſhould ariſe therein, 
they are cafily reconciled, by conſidering, That Diwſion 


diflolveth what Al::/r;plicarion puts together ; 
$ tore to be pertorm'd by contrary Operatious. 


Thus x 
—2 [3 


3 | 


and there- 


1 | hoy —- 526 | 2bf o+ 4aboc + 2bcc— ca 


pil 27 


t+ 26 + c — 4 > Ree 


” Wd _ += 5d "i 


Thus the Prodn& of the Second Example in Mzultip!;- 
£4:403, Givided by 26C, gives 2b -þ- & — 4 = f. 


, C 2 


Examples 


»6 Ageboaick Arithinetick. 


_ | « 
Examples of Diviſion at large. for 
Suppoſe the Produtt of the laſt Example in MultipliceY © 
tion, were given to be divided by. 6 — c, the Operatior 
will be thus perform'd. 
I EEEI—+f— + 
2] b—c 
2 X 8 |3| ab — ac (+4 ; 1 
1 —3|[4 I & — (-4F 1? 
2X Als —- db — ac 15 
I—F|6 2 Tn ME na 
3 + & - | Wn + of —fe__ +) 
1—7|8 — 3b+-3c (—© * * 
2 x F|9 "= — 36--3c IE 
3 —9 [10 E: —_ —_ 
L —2 j11] 8&+d+f—3. Each Quotient Colletted. ' 
wy 2 m_ Dn b Ro 
Oftentimes the whole Proceſs is omitted', only i = 
down with the Sign — Thus 4a — bb — 8, c o 
bob 6) op Wh 4 
qui 


Whew the Dividend will nor be juſt wrought off wit 
out a Remainder, in ſuch Caſes, fer all down (like th 
terms of a Vulgar Fraction,) as in the laſt Example « 
Single Quantities. 
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C 5. Involution of Compound whole Quantities, is per* 
formed in all reſpects like Multiplication. 

Example. Suppoſe the Square , Cube , or any other 
Power were required, from the C ompound Root a+ 6, 
or 4 — 6, viz. a Binomial or Reſidual Root. 


Binomial. Reſidual, 


a —+-6 a — b 
a + b a—b 
aa += ab aa — ab 
— ab + bb — ab bb _ 
aa + 2ab = bb 2s — 200 +» 
a+6 a—b 
a* + 2a2b + abb \a3 — 2aab + abb 
Saab 4-245 Lb —- aab —a2bb--63 


43-4 3426-4-3 ab bb-b3la ai-—3a0bh-3a6b—b* 


y— 


mw we wel 
hs © BH 


xx WO xx 
Es +|-- | 


w 4.4 
WW Y-® 


Thus are the Square and' Cube produced from their 
Roots ; and by this Mcthod of Multiplying by the Roor, 
may any Power be raiſed from any Compound Quantities 
given : Other Methods there are, but this I rake to be the 
plineft, (and moſt Natura!) for a Learner's Practice. 

Again, Suppoſe the Square of @ + 6 + c, was re- 
quured, 


Trinomial Root; 


a—— b —c 
Pr Le 6 —- c 


ah — ab -<— ac 


= ab + bo + bc 


—4= ac = If _— 


— ————— — ——— 


| 
116 


as =— 2abþ — bb = 240 — 2be — cc 


The Uſe, and eater Conit-uction of Powers- ariſing 
wcm2,} 2, 4,07 more Meniers in the Root, ſhall be ſhews- 
ed bercatter, 


# C3 & 5. Eg» 


+3 Atgedzaick Arithmetick. 

C 6. Evolution of Compound Quantities, is the Con-- 
verſe of Involution, (and conſequently perform'd by con- 
tary Operations.) Whoever intends ro be very dexte- 
rous at Evolution, or extracting of Roots out of Com» 
pound Quantities, remaining in their Species, muſt be very O 
ready, and underitand well the Genilis, or raiſing of . 
Powers from their Roots ; otherwiſe it will be difhculr to 
diſcover whether the Given Quaniities have a true Root d. 
Or not. 

The Problems in-this Tract require no ſuch Operations ; 
yet that it may not appear deficient, obſerve this caſie 
1 Rule. 

Take ſo many diſtin&t Quantities, as there are concerned WM Rul 
in the Givens Power to be evolved, and inyolve thoſe 
Quanrities (fo taken) to the height of the Given Power, 
(without reſpe& to the Signs ;) this new raiſed Power W ._ 
being compared with the Given Power, will ſhew whe- # © 
ther it have a true Root or not ; which it it have, then 


it's eaſily evolved : If not, then it is a Surd Compound, b= 
and muſt have its Sign prefrxed to it, and is no other- } 

wiſe to be expreſſed; till ir come to be evolved in Num- R 
bers. Fra, 


But becauſe ſuch Operations are tedious, I ſhall omit 
giving Examples thereof in Species , and according to | #4 - 
the Deſign of this Tract, (which is brevity,) procced ro 
Fractions. 


py 


"ON 
Xte- 
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CGHAP: IV. 
Of Fraftions, or Broken Quantittes. 


d. 1. Phat is done about vu'oar Fractions 11 


Numbers , the ſame may alſo be perfermed m 
Quant zties. 


a Given Denominator , multiply both tw- 
gether for a Numerartor, and place the 


Rule 1. TS: bring whole Quantities to a Fraction of 


ad 
Given quantity for theDenominator; thus, 4 = —» and 


_ bid __ac+aa di _db--dd _ 
FP = AF _ 


Rule 2. When whole Quantities are to be expreſſed 
Fraction- wiſe, give them an Unity for a Denominator, as 
ad —— bc 


aa 
94 —= — and ad + be = ; 


\ 2. To reduce. Fractions to @ lower Denomina- 
t20n, 


Rule 1. " T Hen the ſame Quantities are found both 
in the Numerator and Denominator, caſt 
them away in both, and a Fraction remains of the {ame 


ab bed adf 
value, ap = —_ and EP x + 7 if =X—-4, 


Thus the greateſt common Diviſor brings the Fraction 
co the lowelt Denomination. 


20 Algebaick Definitions. 


Rule 2. But when the Fraftion is a Compound, theli 


Method to obtain that common Diviſor, is by dividing 
the Denominator by:the Numerator, and the Numerator 
by the Reſidue, and fo on (as in Vulgar Arithmetick,) 'ri!l 
there remain nothing; by. the laſt Diviſor, divide both 
the Numerator and Denominartor of the Fraction; and it 
will be reduced to the Loweit Denomination, 


Example. Let the Fraction propoſed be —_—_— 


aa + 2ac+ cc 


| 1 | as + 2a: + cc, the Denominator, 
2. | ab —+ bc, the Numerator, 
a —— ( 


1 —2|3| —— 


b 


Note, Any Fraction is Multiplied 
3 x 6j4| 4—+c 5 by fo much as is caſt away out of 
the Denominator. 


Hence it appears 4—+ c is the greateit Diviſor, 


2 — 4 5| b ab + < | 


| [== the new Fraction = 
1.—416]#Tc 


43+ 2a + 


Bur if this way be thought too tedious, then diſcover 
all the Aliquate parts m each, and the Denominator and 


Numerator being divided thereby, are reduced. 
But if after all means uſed, there cannot be found one 


eommon Diviſor to both, then are the FraRtions Prime to 
each other. 


C 2. To bring different Fraftions into one Dens- 
mination, retaining the ſame value. 


Rnle 1. His is perform'd (as in Vu/zar Frafions) by 


Multiplying the Denominators into eaci 
other for a new Denominator, and -the Numerators cro% 
wie into each others Denominator, for new Numerators. 

: L& 
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a, theſ , " WE. f 

wy Let the Frattions be, "wil &c. 
erator 

4 : adh bch baf 

ot Reduced will ſtand thus, For» re 775% and 


and ff retain the ſame value with the 6rft. 
By theſe means Fractions are made fit for Addition and 
Subſftratien, which Two Rules cannot well be perform'd, 
> | until different Fractions are reduced to one Denona- 


— ©Q rio 


I. 4- Addition of Fractions. 


Rule: Hen the Fraftions are brought to one Deno» 
plied 'Y mination, (as before) add, or ſubitract their 
Linger Numerators. 

: Example, 

viſor, 

36 1; ec + 2b a — b + de 
23 PT | T7 [57 
— "=: $M x + hb & +6 — a 
over _ 6 = " 
. —+ 36| 3c + 26 x+6b 24 
lf +2] fb 747 EL. 
| one 
_ SubſtraQion, 


3e + 26 
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Q. 5. Multiplication of Fractions. 


Su 


WI 
Rule \ Ultiply the Numerators and Denominato 
reſpectively into each other, (as in Vulga 

" Fractions) their Produts are the new Fra&ions. 

Note, But firſt prepare them for the work, by 1 
ix*'d Quantities improper Fractions, having firſt brought 
down the Fractions to their loweſt terms ; alſo make who 
Quantities like Fractions, by placing | an Unity unge: 
them ; As in the firſt Setiion of this Chapter, 


Ag 


t Wl 


A 
[i [8 tt | 2=2 : 
b 2—e a 
by X- de | a —+—8 Ag 
X a a —e 4 f—g 
oats Gac 2ade—b dbe ana ba 8$6— 568 / 
) | ab ad — ee af = ag 4 


Whole Quantities by Frations ſtand as followeth. 


Thus, | | 6b +=c | ab — £ ac bo 7 
S by + = 0 on ME '9 

A " R o # + c 
1X 2 | 2 [5cd—ced|abb — ahdl aac 78+ ace + 7h | 

f | c b + Cc 


C 6. Diviſion of Fractions, 


Rule 1. viſion is thus perform'd : Multiply the Nu 

merator of the Dividend, by the Denomina-þ 
tor of the dividing Fraction, for a new Numerator, and 
the other Numerator and Denominator, for a new Dcno- 


AUNALOT., - 
Suppo:C 


Ailgebzaick Arithmetick. 2 2 


b _ 
Suppoſe £2 were to be divided by : 7 HF 
4h —& ; 
t will ſtand thus = —_— — _—_ = - 
nat F 
/ulg —ad » 
Again, Admit aa —+ 6c, were to be divided by = 
TY VP = ; c<—ad —axebber arg Hh 
c£——& — ad * 


W Rule 2, When the Fractions are of one Denomination, 
livide the Numerators, and caſt off the Denominatar ; 

SES aacch 

ade wma ac, for —F == dc. 


' abb abc $ _ M0 _— # 
Again let =o Too Tio IT: 


.7. Involution of Fractions, 5s performed in 
all reſpes like Maltiplication. 


wt | 34 4bd a — b 
b g —+ Xx 
- | gas 166644 as + 206 + bb 
13-2/2] 5 co \ gg 28x + xx 


27444 | Ses je + 3baan+ 3bba——bÞ 
ceo \8* +—3ggx -— 38xX—+x* 


NB. If after any of theſe Operations in the foregoing 
parts of Addition, SubſtraFiom, &c. there be like Quan- 
ities in the Numerator and Denominator, care is to be 
ten that ſuch Frattions be reduced lower, by ſome of 
e former Rules, if poſſible, before they be ingaged in 
other Operations. 

I ſhall paſs over Evo/ution, becauſe it rarely falls our, 
that both the Numerator and Denominator-have a true 
Root ; therefore if the Sign of the Root be prefixed, it's 


ſucient, until ſuch Fra tions are evolved in Numbers. 
CHAP. 
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CHAP. V. 
Of Proportions. 


$ 1. YRoportion is either Disjun&, or Continued; Dif. 

P junct is, when of Four Quantities, the Firſt is 

to the Second, as the Third is to the Fourth ; 

if Quantities be thus qualified , then the Product of 

the two .Extreams, is equal to the produ&t of the two 

Means. And if the produCt of the Extreams be equal to 

the product of the Means, then are thoſe Quantities pro. 

portional, (16 Euct. 6.) let the Four Quantities propoſed 

be #, b,c, d, if theſe be proportional, 

Oughtred's Cla- they fhall alſo be proportional , being 

v1;, Chap. 6, Alterned , trverted, Compounded, D;- 
vided, Converted, and in Mixtwre. 


[1|8:b::c:4d, Dire. 


LY 181 at2>!=& = 
3|a:c::b:d, Alterned. $0 
3, 4 | ad = bc 


5|6:84::d4:c, Inverted. 
8, * 6 bc = ad B 
71a—+b:b::c+d:d, Compounded. 
 |8| ad + bd — be + bd, thatis, ad = bc. 
Or [9 | a+—c:c::b-+Had: 0d. 
* [110] ad + id = 8& + a, that is ad = be. 


11| 8—b:b::c—4d:d, Divided. 

11,*' 112| ad — bd — bc — bd, that is, ad = bc. 
13 a —C:c;:;h—&d:4. 

13,*: i141 ad — ad = < — a, that is, ad = bc. 


—— 


is|a:bt8:tc:dt Converted. _ 
15,*" 16! ad © ac = be = ar, thatis, ad = bc. 


17] a—b:a—b::c +4:c — 4d, inMixture, 
17, + 18] ac —ad+ be —bda= ac + ad—bc— bd. 
18, = 19] 26c = 28a), that is, ad = be. _ 

Es From 
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From the foregoing Operations, it is evident, that Four 
proportional Quantities may be varied , and intermingled 
one with the other, and yet retain their true Proportions ; 
which variation may be of good uſe upon ſeveral occa- 
ſions. 

N. B. And from hence may be learnt, how to convert: 
Analogies into ;Zquations, or the contrary of Converting 
Aquations into Analogies, 


Q 2. Continued Proportion (or Geometrical Progreſſion) 
is, when of Three, Four, Five, or more Quantities, the 
Firſt is to the Second , as that Second is to the Third ; 
and the Second is to the Third, as that Third is to the 
Fourth, &c. that is, when all the Middle Terms between 
the Firſt and Laſt Term are both Conſequents and Ante- 
cedents ; ſuch are in _——. 
bb bb blb bbs bbbb 
©, 8:0::; dir oo Hp -* &c. theſes 
2re in continued Proportion. 

Much may be {aid ot the Nature of Proportions, for int 


deed the whole Body of the Mathematics, is nothing 
but a Compleate Compali:on thereof. 


C 3. Before we leave this, take one Conſideration 
more, that if never ſo many Quantities be Proportional, 
it will be, as one of the Antecedents is to its Conſequent, 
{o is the Sum of the Antecedents, to the Sum of the Con- 
ſequents. As, a: b::c:d::f:igiihik, &c, Then will 
a:biia +$6+f +4 :b+da+pg -+k, & 


CHAP. 


- 


3 6 
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CHAP. VI. 


Of Aquations, aud Que/tions reſolved 
thereby. 


Q. 1. Uantities are ſaid to be brought to an Aqua- 

. tion, when ſome one of thoſe that be ſought, 

(or ſome Powers thereof, as Squares , 

Cubes, ©.) is found equal to thoſe that be given. And 

this is to be obtained by a mutual comparing of equal 

Quantities , (or things) with equal , by ſuch Methods or 

Rules, as the Nature of the Problem (or Queſtion) re- 
quireth, 

Therefore, when any Queſtion is propoſed to be re- 
folved, it is highly requitite that the Deſign or Meaning 
thereof, be fully and clearly comprehended, that ſo the 
Queſtion may be truly ftated, or fitted for Opera- 
ton. 

And this part of the work is ſomething difficult ; yet 
having a competent knowledge in the Principles of Geo- 
metry and Arithmetick (rogether with a good and de- 
firing geaious,) a little Praguce will render it facile and 
pleaſant. 

Having got a clear underſtanding of the Queſtion pro- 
poſed, for each Quantity concerned therein, be it a Line, 
or Number, put or ſubititute a Letter, as before taught at 
the beginning of this Tract, (Page 2, and 3 ;) but it Two, 
or more Quantities in the Queſtion are granted to be e- 


qual, they may be expreſled by the ſame Letter. 
Having placed down all the concerned Quantities in 


rheir due order, (according to the import of the Queſtion) 
then, conſider whcther the fame be limitted or not ; for 
the diſcovery thereof, obſerve the tollowing Rules. 


R; ile 
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Rule 1. Whenſoever the Number of required Quanti- 
ties exceeds the Number of the given quations, the 
Queſtion is capable of innumerable Anſwers. 

For Example, Suppoſe a Queſtion were thus propoſed. 

There be Three Numbers, the Firſt is equal to the Square 
of the Second, and the Sum of the Firſt and Second, is 
equal ro the Third , What are they Three Numbers. 
To fignifie theſe Three Numbers, put Three Letters ; call 
the Firſt @, the Second e, and Third y ; then a := ee, 
and a ++ e =y, according to the Queſtion. Here the 
fought Quantities are Three, to wit, -, e, and 7, but the 
given Aquations are but Two ; therefore this Queſtion 
is unlimited. Becauſe for any one of rheſe Three Quanti= 
ties, any Number may be taken at pleaſure. There- 
fore, unlimitted. 


Rule 2. But when the given Aquations, (not depend. 
ing one upon the other, are as many as the required 
Quantities, then hath the Queſtion a determinable num- 
ber of Anſwers ; for then each Quantity concern'd, hath 
but one fingle value. 

And if the given Zquations be more than the ſoughe 
Quantities, they not only limit the Queſtion, but oftentimes 
render it ynreſolvaÞle, by being inconſiſtent one with an- 
other, 

The Queſtion be ſtated , and found limitted to one 
Anſwer, (or at leaſt {ſo bounded, as to have a certain de- 
terminable number of Anſwers.) let all the Quantities be 
ſo Ordered, Moulded or Compared, by Adding, SubduR- 
ing, Multiplymg , or Cividing them , until there remain 
but one unknown Quantity, (or ſome Powers thereof) equal 
with the given Quantities. And all the reſt of the un- 
known Quantities concern'd in the Queſtion, are cait off 
or vaniſhed ; which indeed is the chieteſt buſineſs re- 
quired in the forming of an Aquation , and therefore 
ought to be well conGidered, but no Rules can be preſcribed 
t0 ſuit all Caſes, 


D 2 And 
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And next, becauſe that in moſt (if not all) Zquations, 
when firtt they appear out of the covers of the Queſtion, 
the known and unknown Quantities are intangled and 
mixt rogether, on both ſides of the Zquarion ; it is there- 
fore requiſite ſo to order and clear ſtich Zquations, that 
one fide thereof may. conliſt of known Quantities only, 
and the other fide of the unknown Quantinies, (itill keep- 
ing them to a juſt equallity,) which work fits the Queſtion 
tor a Solution in Numbers, and is not improperly called 
ReduFTion. 

For the performance thereof, obſerve the following 
Rules, wherein molt, or all the parts of Algebraick 4- 
"i fametick, are concern'd, or imployed, 


By Addition, 


Rule 1. Hen any Quantity is connected with the 

Sign — , it is added, by caſting away 
the Sign —, and transferring the Quantity to the other 
fide of the Zquation, with the Sign + 


Thus, —_—_— 
1 +—15|2] a —6= 75 
2 -b \3} a=75 + 6 


Again, [1] 282 — $i — d =c& — ba 
3 + baſ2z| aa + ba — be + 4 = cc 
2 + bc [3l} an + ba —d —=c +6 
cd | 4 aa + ba = cc + be + 4 Rs 


By SubſtraCtion. 


Rile 2. When any Quantity is Connefted with tar 
Sign + , it is to be Subſtracted , by caſting away tI þ 
Sign 


1ONg, 
tion, 
and 
1CrC- 

that 
only, 
KCCP- 
{tion 
alled 


wing 
ck As 


h the 
away 
other 
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Sign + and transfering the Quantity to the other fide 
of the ZAquation, with the Sign —, 


Thus , MEL 
2 rr; [21 gb = dT — cc 
+ 4 nf =& ai. oownf 


Theſe Two Rules are called Tranſpoſition of Quantities. 


By Multiplication. 


Rule 3. By this Rule , part, (or the whole) being it 
Fractions, are brought into whole Quantities, 


ad 
Tm, [3] 4 S== — 
Ix2—b61l2| aa — bb = ad 
2 - bb|2] aa = od +- bb 


By Diviſion. 


Rule 4. When there is any Quantity known or ut- 
known concerned in every Member of an Aquation, Di- 
vide the whole -Zquation by ſuch Quantity, and it will 
clear one Member thereof (at leaſt) and bring down the 
reit, 


Thus, | I aas + bca —= bd 
1-—#|2} aa aea=d 
Again, | | aab -- ca = da 
1 — 4 ab % c = 4 


wy I ww 


2 —— 


Et — c 


3—--b 4] 4 = —— 
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Again,. | 1 | baaa + bbag — ca = aa 
T+-c [2] baa + bba —c = 4a 
2 + 6 |3| baa - bba =d +c 


ll bes 
Tt_—6 |+ an + ba = 


Bj Involution. 


Rule 5. When there is an Zquation between like Surds, 
(or Radical Signs) cait away the Radical Signs, and the 
Quvanarties-are thereby reduced: to Rational ones.. 


Thus, [1 any) b —= b y da 


3 &-2 | > | aagab — bbda 
2 —ab| 2 | aaa = bd 
Again,| 1 | b6J/ aa = _ 
adacce 

1 ©- 3|* | 6bbaa = Tr" 

; adacci 
te 13 
horns bbbbbb £ 
as |: y bas + jha —d bad 

, * 4 q 
7” 9%, A bas + 3ba — 4 __ bb + 26d + aa 

Fx 4 ER + 6 


X 2 [3] bad — 3ba — dA = bb + 2bd + ad 
3-+—d 4 baa + 3ba = bb + 2b4 + ad + 4d 


th + 2bd + dd —d 
4—vGis 2s + 3h = === — A 


— 


3»y 


- 
" RE REI 


ne 
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By Evolution. 


Rule 6. By this Rule Aquations are oft brought down 
to lower Powers, thus,. 


aa = 2ba + bb = 4 
a —b —&d 


I 
2 


I wu 2: 


But if the Zquation had been a, 4 25a = &, whicir 
is an imperfect Square, and wants the Square of 64 to fill 
it up, before it can be brought down as above ; ſach O- 
peration Dr. Pell calls, Compleating the Square ; and when 
it is performed, ufcth this Sign c (7) put in the Margin. 


As, FE] aa + 2ba = d 
1,,c|2| aa +—2baph bs = d + bo 
2woQrſg] a + b = VaAS+6bb 

4! a= vVa+u —b.. 


ds 


Suppole,] I | an — va — & 

1,c(] |2] 48 — ba + F66 = d +7506 
2Ww 213] #4 — Fba = 4 +566 

3-36 [4] a= v.AdA—- 5% +56. 


In theſe it is evident, that the laſt place of bb, or that 
of 2 bb, is produced, by inyolving half the Coethcient 6, 
ot the Middle place. 


F.- When the Aquations be thus cleared or reduced, 
then are they fit to be reſolved into Numbers,and are either 
Pure and Simple, or Mixt and Adfected. Pure and Simple 
Zquarions, areſuchas have the unknown Quantity, (4; at 


» one fide thereof, 


A5z-3 = b+c, or a + 6 = @, &c. 
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alſo when there is only ſome Power of (#,) 


As aa = b, and aaa = c, or aana = 4A, &c. 


Mixt and Adfected , are ſuch as have the unknown 
Quantities at one fide of the Zquation, in different De- 
agrees, or Powers thereof, 


As an=- ba==a, and 77 — ba=d, or ba a8 =d. 


theſe are called the Three Forms of $quare Adfected Xqua- 
t19Ns, 


Again, ana-{=b3=c,and 2723 —ba=c,orba — ana=c, 


theſe are called the Three Forms of Cubick Adfected #- 


quAtioNns. 
Infnite other Varieties there are, ſuch 
As ana — baa + ca = a, and aaa — bas = d. 


Or aaza -|- bana + can — aa = f, &c. 


How theſe, or any other, of all! Degrees, or howſoever 
Mixt and Adtected, may be eaſily reſolved into Numbers, 
ſhall be effectually ſhewed further on , when we come 
to the Reſolving of ſach Problems as will produce the 
fame; taking each in their Order, viz. Firſt, I will ſhew 
how to Reſolve, (or Extract the Roots of) all pure 
Equations ; next the Three Forms of Square Adfected 
Aquations, the ike in Adfected Cubicks, and fo on to 0- 
thers of different degrees. 

But before we proceed to that part, it will be conve- 
nient to infert a few eajie Queſtions in Numbers, thereby. 
to explain, and (in part) ſhew the uſe of the foregoing 
Rules. The which will be as at Introduction to the fuc- 
cecding Problems, 


CHAP: 


—A 


Ee 
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CHAP. VI. 


Containing ſeveral eafie Queſtions in 
Numbers fit for a Learners Prafiice. 


Fo | 
Queſt, od bs be Two unknown, and unequal 


Numbers, whoſe Sum is 53 = 5, 
and their Difference is 21 = @d; 
What are thoſe Numbers ? 
For the Greater put a, and for the Leſſer put e. 
Then according to the: Queltion, they will ſtand in 
their Subſtitutes thus, 


Quantities. | Numbers. 
I Sg <= 5 =5& — F3 
z| &4—e = da > — 
iH2|[;3|j 28=$5+4d => 74 
Wes $4 — 
$ 2-0 4 = — 2 — 30 
L215] MZ. —=& _—— 
sS$ — 4a 
5—=-Z16 #0 => 16 


Hence it appears, that 37, and 16, are the Two Nuin- 
bers ſought. 

Note, When any Number is placed in the Margin, with 
a Line over it, as 5 inthe Fourth and, Sixth Steps, ſuch is 
an abſolute Number, and hath no relation to thoſe Num- 
bers in the ſinall Column. 

Here yon may perceive, that the firſt Work is to caſt 
off one of the Unknown Quantities ; and becauſe the 
Quantity e, hath both Signs , + and — prefixt to it, 
therefore by the Rule of Addition, it may be vaniſhed, as 
appears by the Work. of the Third Step. Ef 
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Queſt. 2. There be Two Numbers (as before) whoſe 


FI EE I 4 . yi <4 4% 


Sum is 56 = -, and the Greater (a) divided by the 
Leſſer (ez) the Quotient is 2,5 = q, What are the Num- 
bers? 4, and e. 
I} a ÞKe=5s 
a by the Queſtions. 
2] 4 —£eo—= = 
e 
_— ;2| e=5s —8a 
2 RX E 4|9g9e — Af 
| >} 1 
: 5 —_—i= = 
33 5» 2 —_— amd q 
2 X 9 [7195 — qa = 4 
Saber b 9a + 4= 95 
PNG IPD. 4 pK 
$=q+7]9 = Ar gTINGDS 6-18 
Za RE" 1 
L 9 x = 5 —— TFT = a7 | 


For an Explanation, take the ſame in Numbers. 


i] a +e=5$g6 
a 
2] 4 —C, Or — = 2,5 
e 
1 — 4 [3 e—=56—4a IE: 
28 EC 2,50 = #8 - 
w 
. — a — 
$— ZFf|F EZ = —S 
3 
6 BT - 6 
"Th a n—_— 
h Sos | Ss 
5 X 2,5 7 2,54 4+ a — 140 
140 : 
$69 8 === © That is, by 2,5 +7 
3 
3 [o| e=56 — 40 =16 


C ' 
Sweft. 


| To EP 


ues. 3. Let there be giyen the Difference of the afore- 


id Two Numbers, to wit , 24 == 4, and the Quotient, 
2,5 = 9, from thence to find out the Two Numbers. 


tj 48G -— £=_s6 
a S the Queſtion, 
2] — =$4 
i+el3] a =d+e 
ET SE: a — qe 
3» 4» |5 ge = 4 + e 
j—el6| ge —e=4 
; RE IEs... 
G—_ [” e ng 
Sat d &. s =d += == 


The reducing of this into Numbers, is eaſie, (the fore- 
going Queſtions confidered.) 

Queſt. 4. There be Two Numbers, their Sum is 56 =5, 
and the Difference of their Squares is 1344 = x ; What 
are they Numbers ? 


: ———— - 
Ns ads by the Queſtion, 
aa — EE — x 


 —— 


X — 
2 —1|2 5 4 = — EONS 


s 5 $5 Xx 
4 25 
L". at 
— 6 moan —— a 
6  FemnN 
—_ x — — 
— + 1 # — 25 


Hence (a) is found equal to (40, and (2) equal to (16) by 
\ae 5th and 7th Steps, 


Queſt 
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| Queſt, 5. Two Men have each a Sum of Money, the 
| one hath Four times as much as the other ; both their Sums 
put together, will not make 100 7. but if they be doubled, hat 
} and from that double be taken 3o /, the remainder will 8 
| be twice as much above 100 /. as before they wanted of | *2 


100]. How much hath each Man ? Ma 
Put # for the Greater, and e for the Leſſer, | - 


3 BE JF” a, ſignifieth the dif. Þ for 
Then $ 4 JOY = ad 3 goes Sums 
Ms þ —  C wanted of 100 /. 

And | 3 | 2#+2e—30=100+24, by the Queſtion- T} 
2 X Z| 4 | 24 28g = 200 — 2d 
3+4|s5|44+ 4 — 30 = 300 
5+ 355 6| 44+ 4e = 330 aM 
' G7 5a = 330 b4 

E 330 4 
T-—518] a= 75 = 66 "8 
I, 8,|9| 44= 66 i 

£14 66 FP 4 
9 = ; 10| e =— == 16,5 

| Th 


Fence it is found, that one Man had 66 I and the other | x; 
16 /. 10 s. which Two Sums will anſwer the Queſtion in IF ;, 
each particular. 13 

Note, That as e, in the firſt Queſtion , was caſt off by 
Addition , (for the Reaſons there mentioned,) 1o in the 
Second, the like was:done by Mulrrplication and Diviſion ; 
in the Third , by Multiplication and Adaition ; in the 
Fourth, by D:v:{/ou and Addition ; and in this Queſtion 
by Multiplication and Egquallity, 19: 

Now if the Reaſon of theſe be conſidered, and once 
underſtood, the whole buſineſs of turming any Zquation, MW #3» 
will be eafie ; for the onty Myſtery therein, lies in caſting 
off all the unknown Qualitics but one, (of which, ſee 4 
Pag. 274) Sec 


Oneft, 


Man hed 20 Shillings. 


had at firit ? 
For the Firſt Man's Sum put 4, for the Second e, and 
for the Third y. 


Then 2 


2 —] —3 
3% 3 
3X z 
6—4—F 
FRE 
4% 2 


: I 
That +9 


1 —5z 
12 — Z 
13 — 14 
10 + 13 
i5 + 16 
17 == 4 
15 + 2} 
19—2 


13,18, 20, 
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Queſt. 6. Three Men part their Money in this Manner ; 
the Firſt gives to the Second and Third, as much as they 
haye-about them, the Second gives to the Firſt and Third 
as much as now they have, and the Third doth the like 
to the Firſt and Second ; after they had done thus, each 


The Queſtion is, what each Man 


POS ey ] is what the Firſt hath left 
after his Gitt, 
is what the Second and Third have, 
,; > frm the Firſt Man's Gift. 
Je == & — 
— 20 — 2) þ rm Firſt and Third 
doubled by theSecond. 
” Hats. wy yet {o much each hath 
44 — 4 — 4) 
68 — 24 —27 
7y ws ( - (= 20 
4h — 48 — 4) n—— 30 
68 — 24 — 2) —= 20 
a—e—}J=s 
30 — &A — » == 10 
2e — 2) = 15 
6 — 2 — 25 
4) — 49 
b— 10 


20 = 15 +2) = 35 


at laſt, viz, = 20. 


 — 


| — 17 
v4 — 75 
a — 32,5 


—— 


Arſw. The Firſt Man had 32 Shillings, 6 Pence, the 
Second had 17 Shillings , 6 Pence, and "the Third had 


10 Shillings, 


E Queſt. 
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©weſt. 7. There be Three Numbers with theſe Pro. 
perties, viz. it to the Firft and Second, be added hallff (any 
the Third, that Sum will be == s, (ſuppoſe 46, or anyÞÞ be a 
Number at pleafure,) and if one Third part of the Fir Sub 
be added to the Second and Third, that Sum = s, af that 
before; alfo if a Fourth part of the Second, be added tofff to e 
the Firſt and Third, that Sum will be — £s, as was theſ® 7 

others. What are theſe Numbers ? 
For they three Numbers, put &, e, and y. 


J. a+ ey = Cong accor. | 1 
Then <| 2 
3 


is e+y= s ding to the 


« + Ze + y = 5J CQcltion. : 
1Xx*X2 [|4|28+2e+ y = 25 Thus all are 
2X3 |s| 8a +3e+— 3y = 35 brought out of = 
3X 4 |6]44 + e-Fyy=4 their ractions 
4 +6 [|7|64-3:+ 5 =6 'W 
"oe | 8 | $4 +2) —= 35 
8 — 54 [g9| 2) = 35 — 54 3, 

"0: 35 — 58 
9 mm Ob TO J — 2 6 
4 + 5 [1] 38+ Seq =s b 
11 —6 [12] —& — 4e=8F 
I2 - & [13] 4 = + 4 G, 
: _i-—34 9 
—_— 
 35m=FA Sj 4 75—0s 
ae, & © et Gn ERC ho i 
215 — 274 4: 
I5* 3 [16] 38 3) = —__ ; 
215 — 274 
5 , 16, 17] 4 + = 7 
17X + [18] 43 215 — 274 125: 
18 = [19234= 69s, if (s)be put = 46, then 
— _ t 
19-23 1[20| 8 == = 18, and ex 16 y = 12 


CO I Ine 


Oueit, 


{e Pro. 
2d half 


Or any 
e Firſt 
£0 
Jed to 
as the 


to each other. 
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Peſt. 8. There be Four Numbers, their Sum is = 5, 
(any Number at pleaſure, ſuppoſe 100) and if to the Firſt 
be added b = 7, (or any Number,) from the Second be 
Subducted b, the Third Multiplied by 5, it's required 
that ſuch Sum, Difference, Product and Quotient be equal 


What are the Four Numbers ? 


For the Firſt put @, for the Second e, for the Third y, 
and for the Fourth . #. 


6 x b 


1,4» 5,0, 
8 
9g — 


z 


| 


a+e ++ =ps ; 

' c—_ accord! tothe 
2| a-b6=Ze—b (2 Propolals in the 
3 y _ _ — 4-6 Queſtion, 
i| a +2 =e : 

_a-m5 

/ I f uy 
6 - = a6 
7] u= ba +— bb 
b 

8] a+ a+ 2 + + ba + bb ==s 
9 | bba p2ba +a =bs —bf —2—+þb 
10; ag Zbs—bbb—2bb—b—- bb +2b-+1 


Suppoſe 5 = 100, and b = 7 
bs — bbb — 2bb—b==252 Ray 
DIST E 6g == 
a + 26 = 17,9375 =e 
a + 6b __ 10,9375 
— OC 
ba + bb = 76,5625 = u. 


i 5625 = 7 


— 


— — 


Anſw. The Firſt Numberis 3,93 75, the Second is 17,9375, 
the Third is 1,5625, and the Fourth is 76,5615. 


ihaye 


E 2 


nh, or Ne 
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T have made choice of theſe few plain and familiar 
Queſtions, purely for the Young Learner's Exerciſe, and 
have placed them in ſuch Order, as may lead him gra. 
dually mito this moſt excellent Arr of Aquations. I have 
hkewile traſed them from Step to Step, thereby to explain 
and render each Proceſs eafte, (even to the meaneſt Capa- 
ctty,) which I doubt not but with a little Conſideration, 
will eaſily be underſtood ; and then he may proceed to 
the Reſolving others, of a different and more difficult 
Nature, of which there are great varieties in ſeveral Au- 
thors, to whom I refer thoſe that are deſirous of ſuch 
Speculations ; and proceed, (according to my Deſign) of 
Extracting the Roots (in Numbers) of all pure Aquations; 
then to theReſolving of ſuch Problems only,as will raiſe dit- 
ferent Degrees of Mixt or Adfe&ted Aquarions ; and there 
ſhew how the ſame may be reſolved into Numbers. 


Which laſt Work hath heretofore been a Buſineſs of | 


great Difficulty and Labour ; as the Studious in this Art 
no doubt have experienced. Bur the ſame is now ren> 
dered much eaſter, and made prafticable, by a new Me- 
thod of Converging Series, invented by the Learned and 
Ingenious Mr. - Jo/zph Raphſon , Fellow of the Royal 
Society ; and Publiſhed in a Latine Treatiſe, by the Title 
cf _—_ Zquationum Univerſalis, Printed 1690 3 
wherein he hath given ( ard demonſtrated ) general 
Theorems for the Solving (or Extracting the Roots) of all 
manner of Aquations , howſoever Mixt or Adiected. 

I ſhall here give a {mall Abſtract thereof, and refer the 
more inquiſitive Reader to the Book it {elf ; where (1 
doubt not, but) he will meet with ample ſatisfaction, 


> — 


woos 


Df Converging Series. 4r 


gra- CHAP. VIII. 


apa An Abſtra of My. Raphſon's Method 
on, of Convycrging Series. 


{tration, giving only Two Examples of the Mcthod, 

explaining the ſame; then inſert a few of his 
Theorems, with ſome Remarks upon the whole, and fo 
lif- Þ@ conclude it, F 


Ay- T' this Abſtract, I ſhall paſs over the Author's Demon- 


Example in the Square Rot. 


= EF Any Given Number whoſe Square 
7 Viz. aa C © Root isrequired. 
&- 


d What is the Value of the Root a ? 
tl Let the Root 4, be ſuppoſed to be divided into Two 
e Þ Parts, to expreſs each of which, put or ſubſtitute Two 


5 Letters,. Viz. g XxX = 84; 
] Then is, gg + 2gx + xx = 4a =e. 


He rejeteth the power of x, (wiz. xx,) and then it be- 
comes gg — 2gx = Cc; Which is 2gx = © — gg, and 
trom hence ariſeth this 

-—_—_ 
28 


Theorem, x = 


Note, The Number fignified by g, may be taken at 
pleaſure ; but if g, be made the firit Roor, or Single fide 
of the Given Square, the ſooner will the other. Mem- 
_ > (or Converging part x, ) Converge to the true 

Ooh, 


E 3 To 


42 Of Converging Series. 
To explain what is here faid, take this Example, Ne 


as = c —=2. As in Analyſis Xquatiomim, Pag 5. 


take the Firſt g = 1. pit | 
Then ES =) | 1 
And 2g = 2) 1,0 (5 = x And 


20 We Fat g==1, add g=x 


— > £, 
the new' g = 1,5 for a Second Operation. 


Then lhe 7 
And 2g = 3) _— 05 {— = x | 


Laſt g = 1,5 from which muſt now be taken 
the Converging Number , becauſe it hath the Sign — ta] 
prefixt to it. wn 
1,5 
ON 083 
the new g = 1,417 fora third Operation, 
- We—#' 
— gg — 7,no7889 
and 2g = 2,834) — ,007889 (—,002783 = x I, 


1,417 
— 002783 


a —= 1,414217 
Or if more accuracy be required, it may be called a 
New g, tor a Fourth Operation; and by repeating the 


Operations, you may have as many Places in the Root as 
you plealc, 


Next 


le, 


T 


he 


VI 
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Next for the Extraction of the Cube Root, wiz. 
aan = &, 
pit & + x = 4, as before in the Square. 
Then is,. ggg 4- 2ggx + 32xx + xxx = aan. 


And if the Powers of x, viz. 3axx | xxx, be rejected,. 
or caſt off, as before in the Square, (the which he doth 
in all Equations) then it will become 


£28 + 388x = aan = a, and 3ggx = d — greg, 


from hence will ariſe this Theorem » = d — gze 
38S 
Let d = 37945, as in Analyſis Equationum, Pag. 6. 


37945 = d, 
take the firſt g = 3, and d = 37, that is to the firſt 
point, 
Then ?— =2) © =10,6% 
_— fg -- 2] ; 
and 3gg — zoo” (03.=x 


? 

[| 

Firt, g = 3, to which add the Converging x, 
—- 03 


the new g = 33 for a Second Operation, 
Then a = 37945 
— ggg — 35937 
and 32g = 3267) 2508,0 (61 = x 
7 y 
— ,61 


the new g = 33,61 for a Third Operation 


Then 
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a = 37945 
Then . 
— £88 = 37966,934881 
and 32g = 3388,8963) — 21,934881(—,006472= 


Lait g = 33,61 from which muſt now be taken 
the — 006472 = x 


=", = = 33,603528 


Or it more exaCtnefs be required, then it may be called 
a new 2, as before, Ofc. 


I ſhall deſiſt giving more Examples in Numbers, this 
being ſufficient ro ſhew the Method of proceeding in each 
Axquation; and only inſert a Table or Two of the ſeveral 
Theorems, as they are recorded in Mr. Raphſon's Book 
before mentioned. 


The Given Powers, whoſe Firſt Second | 
Root 15 required. | Theorems. Theorems. | 
For theSquareRoot aa=cx= — £74 = + 28 
28 WES. | 
For the Cube aaa=4d, x=d— ggel a =d-2g08 
| 38g 38g 
or the Biquedr. aana==f| x = —_ = UL S Af rn f+: 32888) 
7 4888 | a |} 
For the Surlolide a* = f|x=f — pegee\ a = =1oas 
5SERE WE 53888 


By what is here ſet down, it is obvious how to pro- 
ceed for Extracting the Root (by this Method) of any {1mple 
Power, not only of theſe here inſerted, but of any how 
high ſoever it be. 


A 
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A Table of Theorems, fer the Reſolving of Adfefted 


- 


Xquations, wherein / retain only thoſe with the 


Convergiag (x,) and bave omitted the Second ſort , 
which Converge by the (a) it ſelf ; ſuch as in the 


Second ſort of be foregoing Tablc.- 


— 


Xquations propoſed, 


> 


aa + ba=c| 


—  —_— 


a5 — 08 = C 


ok | 


— 


bs = 48 = Cc 


| mmm mrmrrmmumn 


aaa +a =& 


368 T- 6 


x—=dA—gg —@< 


iS = (6 = if 


x — d + @ — 228 
_ 


64: — aags — d 


'JY ' 


aaa +,bas + i@=d x=d—a— beg — 
35g + 26g + c 


We 


aan = bag — ca —=d, 


84h — bas — (4a = d 


x =4 + ea& — &> 
SR 


x=d —gag — bgg-+< 


Han. Lk. 


'x =d + bgg + —g28. 


32g — 2bg — C 


bag + (@ — aaa —= a 


x =d + ggg — bag — <7 


2bg —- © — 388 


| 


————. 


This Table is continued in Mr. Raphſon's Book to Four or 
Five Pages more, but for brevity ſake I am forced to omit 
tranſcribing them. 


There 
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There be ſeveral things obſervable in this Method, 
amongſt the reſt, theſe are not the leaſt, viz. That at 
each Operation, the Converging Number x, will double 
the laſt preceeding g, (or Number of Figures in the laſt 
Root, eſpecially after the Second Operation, the Imper- 
fection being only in the laſt Figure of the Root, ſo in- 
creaſed, which often proves too large, and therefore con- 
ſequently the next Converging Number x, will have the 
Negative Sign —, 

Alfo if there happen to be 2 miſtake committed in any 
Operation, ſuch miſtake doth not deſtroy the Ro 
work, for the fame will be rectified (though it be not dit- 
covered) in the next ſucceeding Operation, unleſs it be 
very groſs. 

Again, it produceth the Roots of all Powers, be they 
never ſo high, in the ſame manner, and with the ſame 
exaCineſs, as it doth thoſe of a lower Rank, the reſpeCtive 
Involutions being conſidered, which require to be alway 


of the ſame height with the Given Powers ; and the Di- i 


vifors of the next Inferiour, or lower Powers. F 
Theſe high Involutions and large Diviſors, have often 
cauſed me ro wiſh, that ſome means might be uſed of im- 
proving this Method, (or fome lucky Diſcovery made of 
an other ) ſuch as would produce the ſeveral Reſolvends 
and Diviſors in lower Terms : And bein _— an Cx» 
traordinary occaſion) imployed in the Calculation of ſe- 
veral Problems, conhifting of very high Adfc Aqua- 
tions, made me the more deſirous thereof, put me 
upon thoughts, how {if poflible) ro accompliſh the ſame ; 
which if effeticd , would undoubtedly render the ſeveral 
Operations more eaſ1e. 
- WhilftI was AAA —=_ this, there came into my 
Mind the following Method , the which hath nor only 
anſwered my Defrre in that partieular, of producing Low 
Refolvends and Divifors, but even out-done my Expecta- 
tion, in cauſing the Root to CO 1cker ; for at each 
Operation, it will in moſt caſcs trip the Places of Figures 


in the laſt preceeding Root ; in ſeveral it will do more, 
and in ſome caſes, the Root Convergeth by a continued 
Series , Without repeating the Operations at all, as will 
plainly appear in the Practice thereof, 


C HAP. 


Co 
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CH AP. IX. 


Containing a new and general Method of 
Extraiting the Roots (in Numbers) of 
all pure Aquations. 


( and brevity ) I can, and therein ſhew the Proceſs 
uſed in railing and forming the Theorems for the 
Solution of each Aquation, as they come in their Order, 
Now becauſe there is r&quired an Involution of the In- 
creaſed Root, at the repeating of ſeveral Operations, (tho 
not To high as the Given Power,) I will here inſert an 
eafie Method of Compoſing the Square of an increaſed 
Root, by having the Square and its Root, of one part 


I Shall communicate this Method with all the plainneſs 


| thereof, with the increaſing Numbers of the other part of 


the Root, performed without involving the whole Root 
$ increaſed, 
Root = 7 4 9 


So Oh - 


Square of 7 = 4916: : 5 1 5 Þ 


Square E'746= 54768109: 


Square of 7493 = 56145049|64002 504 
14987610 
14987610 

3 746900 

3746900 

$9944"" 

59944 | 
Square of 74938052 = $615711637554704 
This 
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This is {o obvious, I ſuppoſe there needs no Explana- Roots 


tion thereof : The d:fference betwixt it and the common 
Method, I leave to the conſideration of the Ingenious 

From the foregoing Genelis , or Compolition of the 
Square, it is evident, that for cach ſingle Figure, (or Cy. 
pher in the Root, there will ariſe Two places of Figures 
in_ the Square ; and from the like Compoſition of the 
Cube, it would be as evident there will ariſe Three, and 
in the Biquadrate Four, ©c. 

That is, there will ariſe ſo many Places of Figures in 
the Involved Number, for one in the Root, as the Index 
of ſuch Power denotes. 

Therefore when any Number is propoſed to have ity 
Root Extracted, the preparative work is to conſider the 
Index of the Required Root, and to-allow ſo many places 
of Figures in the Given Number, for -eack ſingle Figure 
in the Root, as ſuch Index ſhall denote ; which Account 
muſt always take its beginning from the place of Unity, 
and aſcend towards the Lett-hand , if the Given Number 
be 'Integers , or deſcend towards the Right in Decimal 
parts, 


Of the Index of any Root, ſee Page 5, and ſuch Index 
3s the ſame with that of the Power, viz. 


m_——- EF YA Ss = &/$ 
as = ct. Jo =c a = Yb 
azas = dC B Yat = a@ en ©, —=yd 

aaaan — fo ” = s = 


And from hence is deduced the Method of diftinguiſh- 
ing (or rather parting) the Given Numbers with Points, 
ſet over;or under their proper Figures. 


For Example, Suppoſe any Number given, 
AS, $6430145789,723 


out of which, if it be required to Extract any of theſe 
= Roots, 


Conhid 
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lanz- FRoots, it muſt be pointed (according to-the foregoing 


27101 


CX 


—— wa - WW. 


Conſiderations) in this manner, that is, for the 


C44 wn: 4 } 
Square Root, 5$6430145789,7230 


| 
- a2 
Biquadrate Root, 56430145789,7230 | 


Cube Root, 5$6430145789,723 


Surſolide Root, 56430145789,72300J' 


And by theſe Points is known how many places of Fi- 
gures there will be in the Root ſought, for ſo many as 
are the Points, ſo many muſt be the Places of Figures in 
the Root. Now whether they be Integers or Decimals, 
s caſily determined , by the Places of the Points over 
each. Theſe premiſed , we may proceed to Examples in 
each. 

Note, that in ail the Theorems for reſolving of Aqua- 
tions (or extracting of Roots) by the following Merhod, I 
make uſe of theſe Letters (G,) (r,) (e,) (D,) to repreſent 
each diltinCt part thereof, w:z. 

G, Always denotes the Given Reſolvend, or known {ide 
of the Aquation. 

r. Repreſents rhe Root firſt taken,and when increaſed, 55+ 

e, Repreſents the Converging part of & Root ; by 
which, r, is either increaſed or diminiſhed, according as 
its Sign denotes, to wit, + &, or — &e. 

D, Is put for the Dividend, which is produced from G,' 
being divided ; and leſſened by r, (into the Coethcients 
of Adfected Aquarions) according as the Root requiresz 
all which will plainly appear, and be eafily underſtood, 
as we proceed on in the Examples, 


I. Ior the Extrafing of the Square Root, vis. as = G. 
What is the value of 72 ? 
In this Method (as in all others whatſoever) we ſup- 


pale the Root a, to be Divided into Two parts, to 


F exprels 
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expreſs which, put the Two Lettters before - men. 


tioned. 

That ig, |1} * +e= 6a 

I G-2]J2] r + wee =a= 

2 —z|3]z17 + rep-Lee = 2G 
2—2/7]4| 70 + zee = IG —+Srr =D. 
And+from hence will ariſe this 


D 
Firſt take an Example of a true Square Number. 
Let as = 4196837089 = 
» =.6, That is, the Firſt Single Root, (or fide) to 41 


\ . 2098418544,5 = 1G 


yaI=6 ) 298418544,5 =D (4=e 
+ e= 4 248 =re+Lee 

r -e—=6H3; 50418 C2 == 

45045 =re- Lee 
but » +e=8# . $3735 (8=e 

therefore $1792 =re +Tee 
& = 64783 194344, (3=e 
194344,5 Dre 

(0,0) 


I =_ the whole proceſs of this is plain , however 
for the benefit offuch as do not underſtand an Algebraic 
Theorem, let them take it in words thus, 


Fiſt 


MC. 
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Firſt point the -Reſolvend' (or Given Number) as before 

taught ; then take the greateſt Square to the firſt Point 

thereof, out of the Reſolvend to that Point ; after which, 

half the remainder of the Reſolvend, and point it anew . 

then” make the Root of that Square ſo taken, a Diviſo?; 

inquiring how oft it may be found in the new Dividend, 

to the next Figure forward, reſerving that Figure under . 
the next Point, for the half Square of the Quotient Fi- 

gvre ; Which being found , and fo placed, Multiply the 

Diviſor by that Quotient , adding in the Tens, (if any 

aroſe from the half Square of the Quotient) as in plain 

Diviſion, &c. Then annex the Quotient to the laſt Di- 

viſor, thereby making a new Diviſor, with which pro- 

ceed in all reſpects as with the laſt; and ſo on, until all be 
finiſhed. 

If. any ſeeming Difficulty appear , *tis only- in*-the 
true placing of the half Square of the Quotient-Figure 
when it proves an'odd Nunber ; in that caſe bring down 
one Figure more of the next Period ; under which, place 
the odd 5, which will always ariſe from the halving of 
the Square of an odd Number. 

As for inſtarice , Suppoſe 7, the Square thereof is 495- 
the half of which is 24,5 to be'placed as in the Second 
Operation of the laſt Example. 


Note , That if the Given Number be a Sud, the 
Root »r , will become a continued Series, ad infint- 
tum ; if it be ſtill increaſed with the Converging Num-- 
ber e. 

But if the Number of Places (in the Root of a Surd 
Number) be limited, the Root », needs not be increaſed 
with e, to the laſt Operation of the whole Proceſs ; for 
the Work may be abreviated, as in this Example. Suppoſe 
the Square Root of 3, (a Surd Number) were required to 
Sixteen places of Figures therein, 


F 2: Acquation- 
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Zhation as = G, and G = 3. 


' +» 1,5 =zx6G 
———'e= 7 — 0,5 =” 
# +8 1,7320508) 1,00000000000000 = D 
945 =re + ee (,7 =e 
550  G=« 
Flags =re+2zee 
4 3550 —_ 
3462 = re wb — cc 
$80000 (o5 =e 


$660125 = ,e— lee 
139875000 (08 =e 
138564032 =re-+ 1c 
310968 


Having thus increaſed: the Root to 8, or 9, Places by the 
Converging e,the reft may be obtained by plain Diwi/ion, 
making the Root fo found, Diviſor ; but I alſo concratt 
plain D vition, by omitting, (or pricking 0 Figure of 

- = nay at each Operation ; and then the Work will 


# = 1,7320508) 131096800| (07568877 =e 
4 * ©'+ 9s 121243556 : | 

235 324 Commetting the Di 

. er viſor, is of fingular 

1122994] uſe upen ſeveral Oc- 


2232230 caſions, where it may 
admitted . 


153764|be 

138560 

I5204 

13856 8 
done as to this A- 


—— —| bridgment ,. may in 
13 7] like mariner be per- 
1.19] formed in the Cube, 
— 07568877 
21,7 3205080756887 7 3s.Was required. 


of 


LY 


- on Hd 29 
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I. Of Extrafting the Cube Root. 

Fquation aaa = G. To find the value of a? 

Pur k yt = 4 

1 O- 3'2 | rr + 37re + 3ree + eee = aaa = G 
2—7F|\3|zrrr + rre rec + Jee= G 


; eee h 
JJ — 4 377 pre beep = TG =. 


Let + eee — 7 be rejected, or caſt off, as being of ſmall 
Value, then it will become 
73171 preopece=1G—=r, 


and thence will re + ge —_—— — rr =D:- 
Hence ariſeth this 


orem Þ a= h = 0s 
Let 37945 =G, (asin Pag 43 of this Tract.) 


then x =3o, and 12648,333= 36 
48 1,611] = +G 4p 


r= 30 — 300, = 7Frr 
un, 121,6111 = D* QG =o 
p+E& 33,6 99 =re+ee 
2261 C6 ==s 


2016 =re—+ ee 


New r—=33,6 376,43849206 = 4G —rF 
— 376,32 = F FF 
r+8£=33,6035262),11849206 = D (,003=s 
100809 = re ee 


1768306 (s:= e 
1680175 = YC or 00 
8=33,6035262, &c: $813100' (2 =e 


6720604 = 7e bee o» 
Here you have the Cuba. Yog2 49600 6=> 
Roor Extracted to Nine = = 156 ( 


Places, at Two eafie OO — —_ —_ 
rations, the Defe&t being np noo (2=0@ 
bur Unity, in the laſt-Place- | 

thereot.. 


F x This 
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Sign — if the value of e, happen to be taken, too large; 


but to prevent that, take but one value of. e, at the firſt 


tion, and but Four at the Second ; by ſodoing, the 
Root will have but Six Places at Two Operations: But 
them a Third will produce Seventeen ' Places true ; each 
Operation converging gradually, with the Affirmative 
Sign (which I take to-be beſt.) 
Take an Example of a true Cube Number, which I find 
in my Friend Mr, William Hunt's Claws Stereometria ,. 
Pnge the gth, v:z. 


ang = 48627125 = 


16209041,66 Oc. = 1G 
$4030,1388 Oc, = £G=—p 


24030,1388 = D. 
216 = re ee 


7 = 300 


P-2= 366, 


2-430 
New r = 366 2196 Þ re+ee. 


But as was faid above, I take but one place, then: 


y = 360 and 45025,1157 =3G—*r 
— 43200 = 7 
y+e= 365;0003z 1825,1157-= D 


1825, = 7e+ee(5,0003 = & 


©, i157 GOOO 
hence a=365,0003 10150009 = re+ ee 
The Root is really but 36s, this oyerplus of 0003, 
would aw the next tion vaniſh. And from this 
Example, *tis a t, that Four Places will truly ariſe 
, In the Root, at Se Second Operation. 
The work of theſe Two laſt Examples, (I preſume) is 
To plain and clear, that its needleſs to expreſs the Proceſs 
thereof in Words: Alſo from hence it's as plain, that the 


ExtraCtion of the Cube Root, tofore ſo very difficult) 
is by this Method rendered eater, than that of the Square; 
as it's uſually. performed, © nts 


IL. Of 


This Method doth alfo Converge with the Negative- 


(66 =e@ 
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IM. Of Exrtra#mg the Brquadrate Root, viz. 
anaa = G. What is the yalue of a? 
Let anas =G = 2741583974, andr ve = 32 
Then | 1 | rr yr 7 —+ grere + Grree + 4rece  ecee = G 
1—3J|2 errrr ot rrre I-12 986-4 rete<- 46000 = 1G. 


Lo—_ ry 47 Pa re+11ee M$; 
- 3 | 4 e I,80 + oe _ 


=, Gr 


—_— _ 


Let eee — 7, and ;eece == 77 be rejected, or caſt off; 
(as before,) then it will become 


47r +re + 1lze = 4G — 
and conſequently re 4 136 == — Irr = D. 


rr 
From hence ariſcth this 


D 
Theorem 3 


2 LH 


Fiſt } = 200 2741583974 =6& 

h ODS IST PD HS =—_—— . 
| __ 17134899 Oc.=,G-r7 
rp e=229 — 10000' = 7r : 


wb I DD I 4,5 —_ 
7134,89 &c.—=D(29=e 


Diviſor 23 . 
_ _—— 6 == FE lzee 
Diviſfor 233,S IVI 7 I; 
| 25348 k 
$105 = ra 156 
New r = 229, 13069,8498 =, G=-rr 
— 1 ,15 — 13110,25 = 47 
Diviſor 228,85 — 40,4002 =D(=—1=e 
Newr —= 228,9 22,885 =rY0—130C 
— 05, L7,5152.0 (-7 =2£ 
Diviſor 228,795, 16,01565 S=re-14e 
New r —=228,83 1,499550 (6=e 
— 15e =,009 1,372926 =re.-17e 
Divifor 228,821 1266240 (5 Se 
| ” = 229, ns + ht 


EO ' ,1765 
8 = 228,8235 


ſn 


2 S. i. 4+. <4 FRY 
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In this le, it appears I took the Second r ="z » 
too big, and therefore in the Second Proceſs, the dns 
ber e, Convergerh with the Sign — and conſequently{i 
this Caſe) the Diviſor muſt be re — 12e ; alto at each 
Diviſion, e, is to- be taken from the laſt x, and the re. 
mainder will be the New -r.. 


IV. of Extrafing the Root of a Surſolide , (or Fifth 
Power ,) viz. anaaas = G. What's the value of @ ? 
In Numbers 4282 — 43467897 =G. 


Put | 1 | 7 +e = 4. Reicttall the Powers of e above eg 

then |2 | rr7rr + 5rrrre + norrree = G 
2 ——=5|3|3rrern + rrr=e + 277ree = TG 
37-7 h Irr + re + 220 = 4 G—rrr 

Jy 
I bl I 

—4rr ce= = —4rr = 

4 rr (s re 200 _ I D 


From. hence ariſeth this 


Theorem; x = 


D — 
” —28 © 
43467897 = G 


86935 79,4 —=3 G 
321,96, Oc. —_ 440 


L) 


Firſt x = 30 


—180, = xrr 
Se =$43 14,96=D  (3=0 
jog = 3 108 —= re 228 
Diviſor 36 ds 
—_— rr, 241,91160019=1G y3 
— 2e = 1,4 — 217,8 =7r7 
Diviſor 3 444: 24,11160019=D(,7=8 


New-r e=3 3,7009 


e== 4,0009 
Divifor 33,7018 


24,08 = re + 2ee 


>08160019(,0009=e 
3033162 =re+260 


P + eX 33,7009 =.4. 


But if more ExaGineſs be required, the next Operation. 
will produce 17 places of Figwes truc.. 


I 


4; 
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I doubt not, but by theſe few Examples, the nature of, 
and manner how to proceed in, this Method is ſufficiently 
cleared; as to the Extraction of Roots out of Simple or 
pure Aquartions, how highly ſoever they be. 

And becauſe there is great care and trouble attends the 
continued Involutions of a Binomial, (to. wit of » + e) 
eſpecially to any conſiderable height, by reaſon of the 
Unciz, (or Numeral Figures, that ariſe by involving the 
Quantities) I will here ſhew, how any Power,of what De- 
gree ſoever, may be ſpeedily and eafily raiſed : without 
Involving the Quantities at all. Thus 

Firſt make the Index of the higheſt Power of r, the 
ime to that of the given Power of #2; then the next 
Power af 7, (into e,) muſt have its Index leſs by Unity, 
and the Third Power of 7 (mito ee) muſt have its index 
leſs than the Firſt by 2, that is, their Indices decreaſe th 
Arithmetical Progreſſion. 

Next for obtaining the Unciz, or reſpe&ive Nnmeral 
Figures that would ariſe by a continued Inyolution of 
r + e, prefix to the Second Power of », (into e,) the In- 
dex of the Firſt (or fimple) Power of r. And to the Third 
Power of x (into ee) prefix half the Produdt of the firſt 
Index, into-the Index of the Second, and theſe will be the 
true Numbers required. 

For the clearing of this, take an Example or Two. 
Suppoſe 4?, were given, and you are to raiſe x - e to 
the ſame height (that is, ſo much thereof as is required in 
this Method) firſt ſet down »?, to this add re, with the 
Index of the firſt prefix'd to it; then it will be r? 49%, 
To theſe add r7ee, with half the Product of 9 x 8, town, 
9%4==36, andtrhen it will be + 9 r% 4-3 677ee=4", 
as was required. 

Again, ſuppoſe a**, were given; to raiſe the reft as be- 
fore, r'3 -þ 18 7e*7, are the Two firſt Members, and the 
balf of 18 x 17 ,,that is, 9 x 17 = 153, and then they 
will be 523 + ire — 153 7*%e = a5, 

And this I take to be a new D:{covery, having never 
ſeen any thing performed in. this kind , with the like enſe 
and expedition. | CHAP 


$$ Of Geometrical P2oblems.. 
C HAP. X. 


The Reſolving of feveral Geometrical 
Problems, together with the Solution 
of their Aquations in Numbers. 


OR the Reſolving of Geometrical Problems, it will 
be requiſite to have a clear underſtarding of theſe 
Two Propoſitions of Euclid, viz. The 47th of the 
1{t, and 4th of the 6th Book , of their General, (and 
excellent) uſe in Geometry, (and conſequently in all parts 
of the Mathzmaticks,) none that hath been converſant 
therein , but will readily grant ; of which Des Carte; 
es particular notice, in a Lettter of his, cited by Dr.Pel, 

im the before-mentioned Book of Algebra, Pag 65. 

And here it may not be amiſs (for the Benefit of thi 
_ Learner,) to give a-particular-account of the afors. 
faid Pro _ 1d Triangl ke Sq 

Prop. 1. In all Right- riangies, t uare 0 
- the Hypotenuſe (or ate fide) is equal to the Sum of 

the Squares of t , and cular, (or of the 

yy angle CF B. to be right-angled'ar 

- ; ag riangle C 4 B, to t-angled at A. 
Then let 


BC —h =. Hypotenuſe, - i yn 

AC — p=. Perpendicular, Fd oY 

AB = b==. Baſe. FRY £ NJ 
And then it is £ %4 i 4 76 # 


hb = 65+ pp . - 
bb = bh— 1 RK J 3 4 F 4 
2p —hb — bb ao h 


That is, in Num-- C7 — 
bers thus; ſuppoſe ; 
b=5,6= 4, and 
P = 3, as in the 


= = 
PR —_—_— 


Scheme. Then is, . : 25 
Bb = 25, ant : © 
bb = 16, and : 

PÞÞ = 9, but ; | | 


16 + 9g = ; 


——- 


Ws 
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Prop. II. The ſides of like Triangles, are reſpectively 
proportional to each other, Eucl. 6. 4. 

.That is, if there be Two Triangles, (either Right or 
Oblique) that have each Angle of the one, equal to each 
Angle of the other , the thoſe Two Triangles alike, 
and their reſpective ſides proportional. 

Angles are equa], that ſtand upon, (or have) equal Ar- 
ches , either both from the Center, or both from the 
Perifery of a Circle. As for Example, Suppoſe the Two 
Triangles to be AC F, and BCD, having the Angle at C, 
(the Center) common to both, and BD, parrallel ro A F. 

Then is the Angle at D, equal tothat ar F, and conſe- 
quently the Angle at B, equal to that at 4. And 
according to the Propoktion,, AC: AF :: BC: BD. 
and FC: AC.:;:DC: BC. &c. 


___——_—_—— he wo, 
4 "”, 


Again the Triangles MG, and HM K are alike ; 
for the Angles 4, _ H, ſtand both upon the Arch G K, 
and the Angles G, and K, ſtand both upon 4H; alſo the 
Angle at M, is alike in both. Therefore according to the 
Propoſition, 
IG: HK:: AM: HM, and GN:MKXK:: AM: MH, &Cc. 
To theſe Two, add, that the Angle at the Center, 1s 
double to that at the Perifery ; that is, the Angle FC 4, 
is Double to the Angle F G &. Eucl. 3. 20. Theſe 


6 Reſolving of Pzoblems, 
Theſe Propolitions being premiſed , and pretty wel] 
underſtood, the young Algebriſt may proceed to the Re 


ſolution of Problems, into which I endeavour to introduce 
him, with ſome that be eaſie. 


PROP 1. 


EN the Right Angle Triangle BAC, there is given 

the Sum of the Sides 4B, and AC; alſo the Per- 
pendicular P, let fall from the Right Angle 4, upon 
- Hypotenuſe, B C, To find the Hypotenuſe, and the 
Sides. 


Let the Hypot. : BC=a, AC=e AB= y. 
ELTON + 2 2 = 6 
2 p =pC 8ven pÞ= 17 
3] BC = a, ſought A 
Prop. 1. | 4 | + J)) = aa 
Prop. 2.|5 |) 39::p:e ,. 
E216 


ye = pa - P 
B nn 
A 


1 G-2]7 ee ty = 22, 
6X2 |8]2ze = 2pa 

4 +—8]|9] ee + 2J2 —— Jy = aa + 2p4 
7, 9, No] aa—453- 2p4 — 22. 


This is called the Firſt Form of Square Adfe@ed Aqua- 
tions, and may be ſolved, by compleating the Square z 
(as in Page 31.) Then it will become 

aa + 2pa + pp = WE + YÞþ- 
and conſequently a + p = vV zz + ?þ- 

Then will a = w/z2 — pp. —PÞ 

And this Method is eafie enough , eſpecially by the 
Method of Extradling the Square Root. (Page 52,) But the 


ſame may be rcadier done by the following Method. 
| Notes 


el 
Ch 
Ice 


Te 


{ 


bn, 
"7, 


and their Equations. &cr 


Kote, When Prop 1, or Prop. 2. is placed in the Mar- 


gi, they refer to the Two Propoſitions before mentioned, 


age 58, and 59. 
The New found Aquation is aa — 2pa = zz, 
In Numbers aa + 344 = 23p4 = G. 


Put, |11 | r e=sa 

12[2| rr +—2re + 0 =as 

1x 2p '3| 2pr2pe = 2/8 

3 +2 |4 | rr -P2pr —e—-2re2pe ee = CG 
4——=2i\5]} irr pr repel =+4%60 


Then |6 | re pe + $ee=4G—4rr—pr=D 


From hence arileth this 


Theorc ; —- —_ 
W070 FIT = 
p — 20 $39, = mm = 
Pra 4afot  121f3=, 
pr=5$5105 —= © 960 = pr + arr 
r +þp = 47 192,00 = D (9, = 8 
—_ 2 == 1,5 145.5 
Nivitor 48,5 48,5900 (S = 8 
New y—P=50, a 45,405 
2 Diviior 50,45 1,0182 
New 7+ 9=5 0,9 768000 (1 =@E 
== Ce — ,O1 5S0O92oOF 
Div1ſor 50,01 » 258795 (50823 = E 
New r4+-p=50,92 254605] For finding the 
1 2 = ,0007 4190| firlt 7, 

Diviſor 50,9205 4O72 Suppoſe r = 4. 
New r +p 50,921 #* $348 PES 16 

EONTT. "= 18. 
*Here I defift forming 18 28 >24 
a new Divitor 15f Ergo, r < 4 
Firſt y = 3o &c- 


—— e = 3,9215082y 


a = 33,92150823 This is allo a continued Sericy 
as the Square Root was. 


PAOB. 


62 Reſolving of Pzoblems, 
PFROE I 


Uppoſe in the Triangle BAC; there were given 


4 = the difference of the Sides AB, and AC, 


Alſo the Perpendicular P, let fall from the Right Angle 
A, upon the Hypotenuſe BC. Thence to find the Hy. 


potenule, Oc. 
Let BC =a. AC = e. And 2B = py. (asbetore.) 


_———— = is 
Then Nl given$ > = — - 0 
© 318C= & > 


Prop. WET cena 
Prop. 2.\5 ly: a ww 
8 6 Jen ps 


EES 17 2ye6= 


1-2 |8 EET 
8—-7|9|+ee = dd-+gpra 
4> 9, [10] 44 = dd + 2pa 
Then '11| aa — 2pa = dd. 


This is called the Second form of Square AdfeCted 


FX<quarions. 
And may be ſolved by Compleating the Square, as in 


the firſt Form, reſpect had to the Sign — 
Then it will become 


as — 2pa + þþ = ad + pp. 
And conſequently, 4 — p = vV ad + pp. 
Then will 3 = VYad + pp. +7. 


Bur this Form may be folved (by my Method) as was 
the lalt, ro wit, by a continued Series, 


£quation 


2 
t2ket 
w2 
t50 1 


and therr Equations, 63 


Fquation aa — 2pa = ad. 


In Numbers, aa — 404 = 196 =6C, 
Put [i]/r He= 4 
I-22] pre mere =xa8 
rxX2p|3|]2pr I 2pe = 2fp8a 
2 — 3 +| rr =2re—2pr —2peee=CG 
4 — L 5 | ir” pre —pr —pe + Tee = 4.6 
Then |6 | re — pe+ 1ee= 2G pr — rr =D 


——  —  . 


From hence ariſcth this 


D 
Theor ; =— > = 


7 > 20, becauſe of — 2pr. Suppoſe r = 30. Then 
ry = goo, and 2pr —= 1200. But 1200 cannot be 
2ken out of 900, therefore x > 3o. Suppole » = 50, 
77 = 2500, and 2pr = 2000, then 77 —2p7 = 500g 


too much, Erge » > 30, but 7 > Fo. 


La = 40 196 = 6 and2o =P 
—-- pr = $00 98 = IG 
— 7 == $00 00 = pr — z7r 
fFu—D = 20, on, = (4=e 
— Le = 2, 88, 
Divifor 22,. "1 0,00 Ca 4 
r—þ- 24, 9,6 8 
+ 26D __ 22 32000 -=2 
pop — 244 24405 _ 
36> | vor 759500 = 
F—Þ = 2441 732345 
+ 28 = zgools » 27155 (4#t124-2 0 
7 —p = 244813. — 24413 
* Here I defiſt formin > 7$* 
2 new. Diviſor. _ W.- 
301 

mr = 40 244 
+ = 4441311124 757 

& — 44,41311124 


64 Reſolving of Pyoblems, 


ROE MM. 


N the Right Angle Triangle B C A, the Baſe (or Side) 
B A, us given, And the Hypotenuſe with the Area, n 
one Sum"; thence to find the Perpendicular A C. 


Let AC = #, BC = e, and BA = 6b, Given. 


Then 2-ba = the Area 

And |\2}e + tba = 2 theg Sum of the Hypot. 
_ _ and Area. 

Prob 1.| 3 ee = bb + aa 

2—-:6a 4] e=2—16bs 

4-2 |5| ee = 22 — xba + 1] bbaa 

3, 5, |6]9% + as = xz — wa + | bbas 

= 7 | aa — \bban + zba = 22 — bb 


Let z = 69, and 6 = 7, then the Xquation in Num- 
bers will be 42,92 4 — aa = 418,844.4 
This is a Square Adfected Aquation of the 
Third Form. C 
Let it be made b3 — aa = G. 


This Form uſed to be Reſolved, by e Pn 


compleating the Square (as —_— a 

bat firit the Aquation is ſuppoſe 1 

ro bz changed, and made S '_ 4 
a3 — 04 = — G, -Þ— F n 


Then aa — ba +— 160 = 1bb — G. 
And 4—3b=vy {bb—G. Hence, a=1b= yi bb— G: 


Bur I ſhall ſolve this by my Method, 


Thus, | 1] 7 qe = 4 

1-2 |2]rr S2re+ee = as 

1x6 |[3|br + be = ba 

3—2|4| br —rr +be—2re—ee = ba—aa=6G 
4—T|s5 thr —irr +2be—re—zee = 1G 


Then will 1: be—re—1ce=13 G+zrr —ibr=D. 
; From 


From 


42S 
Wr = 
But 8 « 


$4 


le) 


42,93 =6 


any their Equations; 


From hence ariſeth this 
Theorem d << 7 
# Z — 


418,842.44 = G. 


If r = 20, then y” = 400, and br —= 858,6 
Ergo, r <<. 29. 


But 8$58,6 — 400 = 458,6 


Let r =10 
—+ 77 = Fo 
— tbr —=214,65 


418,8444 = & 
209,432.22 = 5 | 
164,65 = 4rr — 2 br 


— 164,65 = 
16 —r _ 11,465) 
v ——n is, 
— 4 
Diviſor 9,465 
New py = I 4z 
:b —?— 7,465 
ms : OY — IX 2.08 
Diviſor 7,015 
, +> — I 4,9 


1þ — 7 _—= 6,565 
— = ,045 
Diviſor 6,520 

New. Tr = 14,99 

2 


— —o 


Divifor 


a ncw Diviſor . 


Fuſt 7 = 10, 


—}- e 4,991 $38 


44.7722 = D 
37,860 
6,9122 
6.3135 
59870 
58680 


» 542550 


e=_,0005 
6,47 45 
* Here I deſiſt forming 


119000 


64745 


517960 
24590 
19422 

5168 


F176] 


"Co 


a = 14,991838 &e; 


This Third Form is ſomething more troubleſome than 
they. Two firſt ; but alittle prattice will render it very: 
catic, And this is alſo a continued Series, (as before.) . 
PROB. 


G 3 


(4 


— 6 


66 Reſolving of ]yoblems, 


PROB. IV. 


N the Oblique Triangle BCD, there is given the 

Baſe (or Side) BD, with the Side C D ; and if the 
Difference of the Sides BC, and CD, to wit, BC—CD, 
be Multiplied into the Side CD, that Produ& muſt _ 
equal to the Square of the Segment of the Baſe,viz. = 


By theſe to find out the Segmenr, 4. 
[2 oP = F= = 
2| CD = 4; _ 


3] BC — DC =) 
I4'by = aa, by the Problem, 


And 
,Then 


Suppoſe a Perpendicular, let fall 


from the Obruſe Angle C, upon —_- 
the Side BD, call EMS 


it p. - . ; 
Ez. 2X ep 
2s 1n the Scheme. *. Fo 
Then 
Pr '5 [fp 4- 00 = bb 
o.4 6 | aa 240 pee + fp = bb 2by + » 
7 | aa + 2ae — 2by + 2). 
8] a +2e:2b + y::y: 4 
And this proves Propoſition, 35, 36,37. Exc. 3 
That BD: BC + CD:: BC — CD: a. 
8, ©. g 2by + yy = da, for d = 8-+ 2e. 
4 ® Z [10] 2by = 248 
4 ©- 2 |11| bbyy = aaas 


aaaa 


116612) yy = Fb 


10-1213] 2by — 3} = 248 + = = aa 


13 X bb |14\| 2bbaa + aaaa —bbaa 
bg = #5 


aan + 2hba = bbd. - 


any their Equations, 67 


In Numbers, aaa + 62728 = 288512 = G. 
Let it be made aaa + ba = G. 


Put © r +e= 
1 0- 3]2|rrr + grre — 3Zree= aaa 
ixb [3]|br + be = ba 
2 4-34 += br o= grre + be += gree = G 
4—J|s| 3” DE ON be + ree = 31G 
1G 
j—7[6 Irr-36 +re+ Ef be = 
1h 1G 
6 — 7 rep Doe P—jr-}6=D. 
From hence ariſeth this D us 
Theirem < r + 3b -e — © 
5 
6272 =b 238512 = G 


f r = 40, rrr = 64000, br = 250880. 
But 250880 + 64000 = 314880, Ergo r <L 40. 
Let x = 30 


+9 = 300 26170,66 =1G 
iþ =2090,6 3205,688 = 4G —r 
— 2390,6 =2390,666 = }rr +26 

;6 
—_— 99,68 ) $15,022 = D 

+= 27 742 (22=04 
Diviſor 1 06, 73 
New Y = 37» 2599,207207 = $5 G —# 


| + gion; 56,504 —2546,999999= rr +46 
D 5$2,207208 _ 


Tr +7 = 93,504 4 7,00 [5 =s 
+ = 5 $2072 

Divifor 940 47025 &-4 
-—T e= ,05 504708 

Diviſor = 94,05 470295 ( fF==0 
+ e = 2005 344130 

Diviſor = 94,059 282.177 Cy =I 


Laſt » = 37, $= 53 =4 
+= 553 $— ts 


63 Relolving of Problems, 


FROD V., 


HE Three Chords (or Subtences) of three Arches, 
compleating a Semicircle , being each given: 
Thence to find the Diameter of that Circle. 
Suppoſe, AB=3;=—=6,.BC=4,=d, and DC=5=f. 
To find AD — a, the Diameter, Draw the Two- 
Diagonals, BD = y, and AC = x. Then is 


1 [aa—ff=xx 
Pro. 1 2 an —bb= 3} ns N mo 


NY 


= 


This Third Step I - "p- 
have often heard al :/ ©. 
ferred, but never ,-- a 
could: ſee it clearly © FI 
demonitrated;, which I undertake to do in this manner. 

Make C H Perpendicular to BC, then the Triangles 
ACD, ard BCH, are alike , both Right angled at C, 
and having the Angles at A and B, both meaſured by the 
Arch CD. Again, the Triangles ABC, and CHD are 
alike ; for the Angles ar 4, and D, ſtand: both upon the 
Arch BC, and the Angles DCH, and BCA are equal ;. 
For the Angles BCA — ACH = 5$go Degrees, alſo the 
Angles DCH + ACH'= 9go Degrees. at is, the 
Angles DCH — {4CH = BCA -+ ACH; and con- 
ſ{equently the Angle DCH — BC A; theſe being proved, 
K will be AC: AB::DC:DH, and AC: AD:: BC: BH. 
Thar is, } 4| #:&::f: DH, and x:4:: 4:BH 


4 . 


- da | 6 
4 | 5| —-=DE, and -—— =BH, but y =DH+ BH 
<7 97 (_ 
therefore] 6 | — + -— = y. Hence bf-+ da = xy. 
1% 2 | 7| a2aa — aaff — bbaa + ffbb = xxyy 
3 &-2 |8| ddaa + 2dbfa + bbff = xxyy 


7, 8, | 9] aaan — ffaa — bbaz = ddaa + 2abfa 
9 — & hol aaa — ffa — bba — dda = 2dbf 
Which in Numbers will be, 444 — 50G = 1:0. 
| Let 


Let 1 
of the 
the ſam 


Then 1 


From | 


Let : 
Ergo 
SUP! 
F12 = 


and their Equations. 6) 


Let it be made aaa — ba = G. This is an AXquation 
of the Second Form of Cubicks, and may be ſolved with 
the ſame Theorem of the lait, only changing the Sign of 6. 

I wy 


. . 'S b L, G 
Then it will be re — —eee=— +36b—jrr =D 
From hence ariſcth this D 
Theor em 


r—Tb+e—* 
| rY 

Let r = 6, then rr» = 216, and br =3o0o S216 
Ergo r > 6. 

Suppoſe r — 8, rrr = 512, and by = 4oo, then 
$12 — 400 = 112, hence it appears that r» > 8, but 


nut 9. 
Let 7 — 8 120 = ©@ b =50 
— =, $1} 420 = 73S. 
+ 7; b — 16,6666 5$,0000 =1G — r 
— 4,6667 = 4,6667 = 3b —3”r 
0 50 00g 3333 =D 
LAT 2980 (o55=e 
p — —==5,917 ——— - 
a »3 53 3 OO 
— e= ,05F 29860 


1 Diviſor 5,96 
2 Diviſor 5,97 2 
New » = $8,955 
— 3rr = 21,627675 40 = 3G RE 
+= 1 þ = 16,6666666s 4,9658597144 = 3 Gr 
— 4,9610083 = 4,9610083333_ 


2.4 = 4 
py —— — = 5,98 ,0048513811 =D 
o MER 478936 (0008 —=e 


—}Þ- e ,0008 


0 P . 620211 

Divifor 5,9867 598671 (1=e 

Re: af +4 » 2154000 

Diviſor 5,98671 * 1796013 (0359=e 
*Here I defift increaling $0 
the Diviſor with e. A P9395 5 
Laſt r = 8,oss 5866250 
dA-ce= ,000810359 5389039 


& — 8,055810359 


PROB. 


Reſolving of ]Ioblems; 


P ROB. VI. 


HE Ragius of a Circle, and the Chord (or Sub- 
tenſe) of an Arch being given , thence tro find 
out the Chord of one Third part of that Arch, which is 
the Triſecting of an Arch, or Angle. 
Let AE = R, the Radius, and AD =c, the given 
Chord, / ſuppoſe of 60 —_— ) | 
To find AB = a, (the Chord of 20 Degrees.) 


Let R = C = 1,000000, Oc. 


70 


—__" *+- + 
.* *> 
caſt th 
.* ®* 
o * 
Pd *, 


p + 1am 
v2. 2|c—a: 6::2R—te:;3 (2R-8=BG—t) 
"We | as 
þ 3 Rr —® 
2Z 4 (a — 88 — 2Re — ee 
aaaas 
3 @21|5 Rp —ee 
2%2R|i6|24a = 2Re 
8aan 

6—5|7|244 — Fr —2R2e—eZia— as 
7x RR[8| 2RRasa — a44a —= RRea — RRasa 
$—a\l9g9|2RRa — aaa = RRe — RRa 
9 J= jo: 2RRa — aaa _ RRc. nM 


This is the Third Form of Cubick Aquations, 
In Numbers, 


} 4 — 408 — 1. 
Let 


and their Equations, 71 
Tet it be made ba — 4443 = G. 
Il” qe = 4 
2|ri + arre += 3ree = a4a84 
3| br ++be = ba 
; —2|4|br —7* be — 3rre —3ree = G 
3|5| 4br —4irrr+ tbe —rre —ree==;G 
6 th —Irr + Ze —re—re = 
uy 


G—r 


3 


| 1h 7 
F229 Entergy mee = = en gr —zo=_ 0 
From hcnce ariſeth this ; D _ 
Theorem < _ 
— — 7 —C 
- 
Kage = 7 >,}3 WP od 
Let y= ,3 ERSS bþ = 3 
3 17 = 303 4333333 =36 
— + þ =1,00 1,iti Z=3C-r 
_ 7 JF 6 
1þ 4-7 =3,3333 141111 =D # Þ—< 
— = »3 _1197 32 
'b 213790 + &—= 
——”— 3J,0333 209041 
__ 047 
Divifor 2,9933 
Divifor 2,9863 
New P == »347 ,960614793458=; — 
31” — 36 = — ,959863666667 
T/ _ m——— 
:b a 
——? = 2,534844),000751126791 = D 
— £& 0002 Fo692 (,0002 =? 
Diviſor 2,5346 2442067 (9 = 0 
—e 4,00009 2281095 
Divifor 2,53455 16097291 (6 =e 
—e ,000006 15207288 
Diviſor 2,5345 48 " $900039 ({z5=e 
Laty=.24a7 7603644 
oe ,00029635 1296386 


8 = ,347 29635 1267270 In 


_—_—. 


— 


-22 Reſolving of {Noblems, 


In the preceding Examples, I have inſerted ſuch Pro. 
blems, as would produce the Three Forms (as they are 
uſually called) of Square, and Cubick Adtected Zqua- 
tions, (each in it's Order,) that is, ſuch 2s conſiſt of the 
higheſt Power thereof, mixt with its Root. 

How other Aquations that are Mixt, or Adfeted with 
their intermediate Terms, ( or Inferiour Powers) to wit, 


aaa —- bag — ia = 4d, or bag — (4 — aaa = @, &c. 


may be reduced to ſome of the Three foregoing Forms, 
might here be ſhewed, by thoſe commonly called Cardar's 
Rules, or otherwiſe ; but. ſach Proceſs are too large and 
tedious, to be inſerted iri this ſmall Trad : Neither (in 
truth) have we any need of ſuch Expcdients, as'the call. 
ing off the Second Term of an /Zquation, ©c. which 
was invented purely to render the ſame more fit and eaſe 
for a Solution in Numbers. For by the Methods of Con- 
verging Series, any Aquation may be as well ſolved, ({till 
keeping its own Form, as the Problem produced it,) as 
thoſe of the Three Forms. | 

I have alſo omitted the Doctrin of Surds for the like 
Reaſon, tq wit, becauſe it requires a large Explanation to 
render it intelligible, without which, it's very intricate 
and troubleſom, and rather puzles or confounds a Learners 
Genius, than improves it , neither could I ever (yet) per- 
ceive any great Uſe or Advantage thereby, in Reſolving 
any Problem, (and afterwards we have now no occaſ;on 
tor it.) For admit a Problem (or any part thereof) were 
propoſed in Surds, it's much eafier (in my Opinion) to 
bring it our of ſuch Surds, before they be ingaged in any 
Proceſs, than after they are become intangled, and mixt 
with other Quanrities concern'd therein. 

How ſuch Work may be performed , is already ſhewed. 

I could hkewiſc have inſerted Rules for diſcovering of 
the ſeveral Roots of an Adfetted Xquration, whether Af- 
ftrmatiye or Negative, ©c, 


Bat 


Bat 
2 one. 
of the 


require 
or ſon 
in the 

Tha 
conſide 
Diviſo! 
down 
which 

Hov 
fon (t 


withſt; 


and their Equations. 7? 


Bur I content my ſelf with one Root only, that is, ſuch 
2 one as ſuits or agrees beſt with the Nature and Deſign 
ot the Problem propoſed, Leaving thoſe Speculations ro 
be inquired after ( by fuch as defire them ) in the Works 
of Des Cartes, or Dr. Wallis's Treatiſe of Apebra, where - 
in they may meet with ample fatisfaftion in each parti- 
cular caſe, gc. 

Betore I proceed to the Reſolving of other kinds of 
Adtected AZquations, it may be convenient to ſay ſome- 
thing of thoſe that are already done. 

Perhaps it may be ſuggeſted by ſome, that this Metho& 
requires too many Operations in Divition, as Two, Three 
or ſometimes more, according to the Number of Terms 
i the Aquation. 

That it doth require ſeveral Diviſions is true, but withal 
conhder, that thoſe Diviſions are performed with ſmall 
Diviſors, and that each Operation is in order to bring 
down both the Reſolvend and Diviſor into lower Terms, 
which was the very thing I firit aimed ar. 

However, to accommodate ſuch as prefer Multiplica- 
tion (though the Factors be large) before D:v1ſcon, (not- 
withſtanding the Diviſors be {mall,) I will here inſert a 
different Method of ordering the ſeveral Powers of the 
Root 7, with the Coefficients, &'c. which perhaps may 
ſem eaſier to ſome, and therefore may pleaſe better ; tho 
both come to the ſame in the concluſion. 

And ſince I have entered upon the Subject of Angular 
Szftions, I will proceed a little further therein ; and 
Reſalve ſome of the odd Seftions, viz. The Fifth, Seven 
and Ninth, pafling over thoſe of the- Even Powers, to 
wit, the Fourth, Sixth and Eight, becauſe they may be 
Reſolved by that of the Biſetion only ; for that Reaſon 
it will be convenient (though out of its due courſe) te 
inſert the Biſeftion of an Angle. 


H PROB. 
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P ROB. VIL 


HE Radius of a Circle, and the Chord of an Arch, 
| being each given, to find the Chord of balt that 
Arch, which is to biſe& an Arch, or Angle. 


Let | 1 | AF = R the Radius = AD,Chordof 60 Deg, 

2 | AD=c | 
p BA = 8 of 

R _ R c £ 

"+ 4 JR 

Let BEZe ww : 

Then mY 
Prop. 1. 4 4RR — aa —ee 
Prop. 2.[5ja:c::R:e, therefore-it-1s 


” $, '|[7laa:cc::RR:ee 
That is [8 | 4a: cc:: RR: 4RR — aa = ee 
-—.” 18 |4RRas — #484 — "RRcc. 


Which in Numbers is, 448 — 4444 = 1 


Let +» +-e = 8, as before, 
Then will — r7rrp — qryre — Grree = — #A&AG 
And == grr + 8re + 4ee = + 444. 


' By che. Prob. + >.;5 but. <,6 therefors 

nan E,9S mor =,25 FFF 2,027 
and rrrr = ,0625 then it will be 
— 0625 — ,5e — I,F5ee = IS "FN 


—+1,0000 4,08 - 4,000 — 444 
That is, +-,9375 + 3,Se + 2,5ee=1l 
And 2,5re +2,5ee = ,0625 
Then will 1,,4e ce =,025 = D. 
Conſequent!y 


+= 6 * 
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D 
Conſequently, ] a= 


. R- 
c I, 4 ,0a50 = þ 
_ tFeX ,o176 141 (,0176=6 
Diviſor L,4176- 10900 
. - 2 4.5 þ 
Fiſt 'y = ,5 98100 
+e=,or76 85056 


New xr — Fl 45176 

I take but ,5 17 = », which being involved as before, 
the Numbers will be 

— 320714434 ,55275e—1,6037ee 

= 1 ,0691 560 + 4,136008-+ 4,0000tC8 


That is +9977 126 — 3,58425e +2,3963ee=1tl 
3,58425e + 2,396 3ee = ,0022874 
And 1,49593e +— ee = ,0009547120 =D 


D 
Cnfequantly, $i agsggFe— 


1,49593 0009547120 = D 


—- £= ,0006 89790 (o006=e 
Divifor 1,496 5 568120 
+8 = ,000037 448968 (37=e 
Diviſor 1,496567 * 11915200 
* Here I deſiſt increaf C415909 
I 231 _ 
the Diviſfor, ® tha LN IGE= 
97 
Laſt n.-=,5,17 ITT 
-+ e = ,0006379616 14965 
#® =,5176379616 10306 
Oc 


= 23. aan 
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P ROB. VIII. 


HE Radius of a Circle, and the Chord of an 
Arch (ſuppoſe of 6o gr. as before) being given, 
to find the Chord of one fifth part of that Arch (to wit, 


of 12 gr.) 
Let FE = R, Radius, R Ky 
— MR x; Chord, c given 3 FR c 
AB —= s, the Chord %:zhr. 


*3; Ga - 
2s oa . 
"Ancea : 
_ ®, To1 
Ms OL we . 
wid. . 
. - 


By the Third Step in the Proceſs of the TrifeCtion of 


: aa 
an Angie, P.zz. 70, it was found that HF =# and by 


3RRa—aaa= AD 

RR 

Make DL, perpendicular to FD. - 

Then are the Triangles AHC, and D AL, alike. 


And AH:CH::AD: AL. But AHg=2R 
aa 


But CH = BK —e that is, 2R— 7 


the Teuth Step, 


1RRa— aan 


"Fe * from hence it will be 


Again, AD = 


an —2*.3RRs — 488 
2R:i2R— FF: 77 * AL 
6R*a— 5RRaaa > #8 os 
=RRRR = 4 Bur 


That 1s, SE Re OO 


Divi 
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But FL = 2 4G + 4CD, and 3ZCD S786 
6R'a— 5RRaaa-—aaana = LOR ” 
2RRRR = PI 

That is, 4#484#— 5RRaaa + 5RRRRa =RRRRe 
In Numbers #2448 — 5 aaa + 584 = 1 
TL Fake =6s 

Srrrrrþ erred 1norrfee = aaand 
Then ; 


therefore, 


— fry — I FOPe — 15ree —_ — faa4 
= fy = Sho ..oooco0: — 54 


Ifc =1. r>,2 butr <,3 by the Scheme, 


—_— 


+ ,00032 +,008e +,089 = a4aaaa 
Then< — 3504 — ,600eg— 3,000 = — 54aadl 
--1,0 op 2 HOODY 7 IOGTAS.. I / 
That is, -+,96032 -- 4,4088e — 2,92&e = 1 
Then 4,408e — 2,92ee = ,03968 
And '1,5e—ee=,01356763 =D 


D 
Conſequently, 4 —; —=6 


1,5 ,01356763 _— 
— £ = ,009 13419 (009 = @ 
Diviſor 1,491 14863 


Ft FF ,2 
—- e — ,009 
New »r» =,209 which being ordered as before, 
+ ,0003987782 + ,00954e +,09129e8 
Thenq — ,0456466459— 65521e—3,13500ee 
+1,045 + 5,0e 


That is, ,9997 $213 32+ 4335 433e— 3,043 7067e8 

Then 4,35433e — 3,0437ee = ,0002478668 

Each pare divided by 3,04.37 then it will become 
1,4306048e — ee = ,o000081436015 =D 


H 3 'Con- 


72- Reſolving of Pzoblems, 
Conſequently * - = 


430604 —e” 


1,430604) \c00081436015 SF 
— e=, 0000F 715275 (00005=e 


Divifor 1,43055 9908515 (6=6: 
— e=,o000006 $5 $3288. 
Nivifor 1,430 5 48- 132522700 (9=e 
—— 0 9 3238749239 
Divifor 1,430547 1 377346 10|(263=e. 
28610942 
9123668} 
> 8523282 
Laff r =,209 —=—=i77. 
—+ e —,00005692 63" 429162 
a =,2090569263 &c. 
Lhave here, (according to promiſe, Page 73.) preſented 
= Merhod of Reſolving Aquations, very 


you with anot 
iFerent from the firſt ; For in that the Members of the 
Solution (ro wit, © + e ) rogerher with the-Coefherems 
are fo ordered , that from them (ſtill remaining in their 
Specie9 there ariſcth a Theorem for-the Solution of the. 
Aquation. 

ut in this Method , it is otherwiſe; for when the 
Members r +e, are involved aceording to the .Zquation, 
=nd Mukiplied into their reſpective Cocfhcients, then 
are they ro be brought into Numbers, and a due -CoE 
leftion made thereof, according to their Signs and Places. 

Next the Abſolute Numbers therein (unmix'd with e) 
are to be compared with the Reſolvend, and Added to, or 
Subſracted therefrom as their Sign denotes ; after which, 

ach part is to be divided by the Faftor found, prefixed 

to ec, that ſo the ſame may be cleared: Conſequently, 

+ "wa page _ which muſt be either wy = = 

by the Converging e, according to irs Sign, the 

which, ! r/ume, dunks pintaly appear, in the Solvtion 
- of this and the laſt Zquation. ; 

I ſhall give an Example or Two more, that fo the 
Young Algebriiſt may the better judge of the difference 
betwixt this and the other, and practice which he fancies. 

Note, That this Method doth triple the Number of 
Places in the Root, at cach Operation, as the _ _ 
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P ROB. IX. 


HE Radius of a Circle, and the Chord of an 
Arch being given, to find 'the Chord 'of the Se- 
renth part of that Arch- 
Let AE =R Radius, : T=$. 
ahd AM = c Chord, Py Cf = 1,theChord 06' 60... 
Then AB = &#, theChord of 8 Degr. 34! 19”. 


--# . 


R WE: 6 oi 
By the laſt Problem, it was ford that 
_ anaan — 5RRaaa + FRRR R 2+ 
AC = RRAR 
Ahd by that in Page 70, it'was found that 
cet And Ca — -, - AP 
Make GL, perpendiculax to AM, then are they Tri- 
angles 4 HC, and G AL alike ; and therefore it will ber 
AH:CH::AG: AL. But AH = 2R 
And AL.= * 4M + 4iCG, but }CG = 14D 
then by raking thoſe that are equal,” it will be 


SIRET — OM 3 R ? So 
1R:28R 66 -. &@ = 5RRa £128 op Eee 
IfR = 1 as before, then it will become 

14 — a 44 


2:2 — 48::8' —5ana+5Sa4:3ic+ - 


That 's,, — #' -j- 78) — 14488 +74 = 1 
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Put r + e= 0. Then it will be 
— I 71 c—21 00 —8 


A $5 e + 70rLee= + 745 
_ 147 — 42770 — 42ree = — 1447 


O11 1. © FERN —= 7a "T* 
Itc=1 theny > ,1t butr <,2 by the Scheme. 


— c 


— ,00090001 — ,000007e —, 00021ee 


uf 

ET” 200007 ——-,003587 +07 66 
— ,014 — 426 — &,2CEC 
+ »7 + 7,02 


Thar is, '—- ,6860699 + 6,583493e — 4,13021ee = 1 
Then 6,583493e — 4,13021re =,3139301 


And 1,593e = ee =,076008 = D 
Conjeau _—P 
1,59 ; a3 = 
— = 04 ,076008 = D 
Divifor 1,55 620 (,069 = 0 
Es "IE Meet 14008 
Dividor 1,544 13896 


Laitr = ,1 to Which add ,049y New r =,149 
— , ©0000163044 —, 00007 66e —,001542ee 
— ,00051407839+,0172508e+,231566ee 
— ,046311286 —,932442e — 6,258 ee 
—— 1,043 + 7,06 

+, 99720116195 46,0247322e—6,027976ee=1 
That is, 1,0094137e— e£e=2,000464340511Z D 


,000464340F 11 =D 


1,0094137 
=» £ =  ,0004602 40360 (0004 =e 
Divifor 1,00 90 6e7405 (6=e 
Diviſor 1,00895 605370 | 
Diviſor 1 555 ; —0351100 O02 =E 
, 20179070 
T — 
new Diviſor _—_ 1720700 (012 
, 100395} 


Laſtr =,129 6 —_ 
+ £= ,000460201] "21499 VO — ROB 
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FAROE 


H E Radius of a Circle, and Chord of an Arch 
being given, To find the Chord of one Ninth 
part of that Arch. 

This Problem needs no Scheme, but a conſideration. of 
the Aquation ariſing from that in Page 70, viz. Of the 
TriſeCtion of an Angle, There it was found that 

?2RRa — 4aa _= R Re. 
And if it be made R = c = 1 in this Problem as it 
was 1n that, then it will be 
34 — 484 — 1 
And here we are to find a third part of that Arch whereof 
, 4, is the Chord, for + of + = 5 In order thereunto, 
let it be made gy — Fy7 =26 
And for the Chord ſought, put 4 ; then will 
34 — 448 1)», and 94 — 348 = 3) 
Alſo, 27448 — 27aa8a8 + 987 — I _ ))Y. 
And from theſe will ariſe this Zquation, 
8 — $8) +270 — 308 +98= 3) — IFY=® 
If as before, c = 1 the Chord of 60 Degrees, then 
will &, be the Chord of 6 Degrees, 40 Minutes. | 
Putr + e = a, then there will ariſe theſe, viz. 
+ 1? + gr e+ 36r7ee = + a 
— gr' — 63 re — 18grfee = — 
o— 271) + 135rfe 4a270ree = 278 
— 30r? — gor'e— goree = — 347 
pH _— Mc -- - 

c=1 thn-r>,1 but» <,2 becauſe we 
are to find the Ninth part of the Arch; Let 7 —= 1 
which being ordered as the Species directs, will produce 
theſe Numbers. 

—+- ,0000000041 + ,00000009e + ,0000036%ve 


— , 0000009 — 0000634 — ,o0189g9ee 
== ,00027 + ,0135e le ,270e 

n_ — »9e — Q,OYE 

+ ,9- <j-9,0C 


That 


F 
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That is ,870269101 + 8,11343J09e— $,7318864ce = 7: 
841343709e—8,7318864ee=,129730859 
And. ,92916e — ee =,014857 = DD. 


© Conſequ.ntly, 5.2 = 8 


929 —e 
»92916 01435 7= D 
— = ,0169 or (S163 Ze: 
Divifor ,01 75757 
Diviſor * ,913 © 5478_ 
Divifor ,g128_ 27 900 * 
27384. 


Laſt-}r =,1i4-,0163 =,1163 =r Itaker=,116' 
Which being ordered as before, will be 
=þ-,000000003832 9-4-,000000295e4- ,00001017%E 
— 000002543598 — ,000153493e&— ,0039642 ee 
+ 000567092247 +$,0244436268+,42147190E 
— O4682688 — 1,211044 —1O,44fce 
+1,044 + 9,0e 


+=, 997737671478-+ 7,8132504286— 10,0225433ee= 1 
iS, 7,$1325e — 10,0225433te = , 002262328522 
And then, 7795676e — ee =,000225723995= D*© 
| D 
_—_— STEFTL TE ks 


27795 > ,000225723995 = D 


—e= ,0002896 15586 (0002=e 
Diviſor , 7793 698639 a= oo 
Diviſor , 77928 62 N 
Diviſor ,7792 780 7521595 (9=e. 
The Diviſor remains [nga 
without new forming. + 1 5-04 (652=6 
Laſt r—,115 405262007 
—e= ,000289652- 38963900: 

«a =,t16289652 1562 3000: 


15585560 
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{I have choſen to proſecute theſe Angular Sections to 


'this height ( which is further. than I ever ſaw) for that 


I was willing to ſhew by Example, with what eaſe and 
expedition this Method reſolverh high Adfeted A£qua- 
tions ; the Root Converging as quick in them, .as it doth 
in thoſe of a lower Rank. 

Alſo becauſe from hence may be propoſed a much 
ſpeedier, and eaſier way of approximation, towards the 
hnding out the Circumference of a Circle; than what the 
Ancients had; for Archimedes (and others ſince him) 
proceeded. therein, by the continual BiſeRion of an Arch, 
{as in Page -7, of this Tra): beginning with the Chord 
(or Subtence) of 60 Degrees ; that is, of '& -part of the 
Curcumference , and trom thence found the Chord of 
i» then of ,*;, then of #, then of ;{;., then of —'— 
then of 3-4-5 , and ſo on, according to the nearneſs they 
intended to. bring the Chord to the Arch it ſelf. And 
this way of proceeding (as they reſolved that Xquation) 
requires Twenty Seven ſeveral ExtraQtions of the Square 
Root (that is, *Root ont of Root) to obtain the Chord 
of +47, part of the Circumference. And no doubt but 
they made uſe of thoſe Numerous Extractions, for want 
of .other Expedients to facilitate the Work ; otherwiſe (ir 
is but reaſonable tro ſuppoſe) they would not have ſpent 
ſo much time and labour, as muſt neceflarily be required 
in the performance thereof ; both which are by this Me- 
thod much abreviated, and not only ſo, but may be more 
accurately performed , becauſe hae is not required the 
ExtraQion of a Surd Rox, out of a Surd Root, ſo often _ 
repeated ; for by the Reſolving of one Mquation, here is 
produced the Chord of +5; , part of the Circumference, 
beginning at the Chord of 4, for 5 of + = 345 and 
by a Solution of the ſame Aquation a Second time, it 
will produce the Chord of ;-1- part of the Circumference; 
for + of #5 = 47. And if fyrther ExaQneſs be re- 
quired, it is but repeating it once more, and then it will 
produce the Chord of + ;'55, part of the — 
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Which is nearer than can be obtained by the repetition of 
Fifty Three [everal Extrations, by the Method of Biſe&ion 
before mentioned. 
And the better to ſhew how near Two Solutions will 
approach -to the (common received) Circumference of a 
ircle , whoſe Diameter is 2 , I have inſeried a Second 
Proceſs, taking the ſame quarion equal to the Chord 
laft found, to wit, 
a — 9ga7 + 279* — 30a? + 9a = 116289652 
And for the ſame Reaſon that the firſt » — , 1 in the 
laſt Proceſs, in this it muſt be made r = ,o1 
And here it is to be noted, that becauſe + —,o1 then 
will 7? — 977 the Two furit Members of the Solution, 
have one 17, and the other 13 Cypkers betore their ſig. 
nificant Figures ; both which —_ of ſo ſmall value, 
may be rejected ; by which the Solution will become 
contracted to this following. _ 
+ 277 4-135 r'e 4+ 2707 ee £ 


— 30r* — gor'e — goree = ,116289652 


— 9r + 9e 
—+ , 0000000027 — , 00000135 +, 00027e8 
Then <> — , 00003 — ,009e — ,9ee 
+ ,09 —+ 9,000e 


Viz ,0899700927+8,99100135e = ,89973ee=,116289652 
Then $,99100135e— ,89973ee =,0263196493 
And 9,993e — ee =,0292528306 = D 


Con th 1 ram <a 
equent'y > 993 = =* 


9,993) ,0292528306=D 


— = ,002 19982 (,002928=e 
Diviſor 9,991 927083 
— £= ,0009 899109 _ 
Diviſor 9,990 1 2797406 
— £= ,0C002 1998016 
Diviſfor 9, 99008 gg 7993900 
799206 4 


=o: SIE I 
— ec =,002928 3 =,012928 =6 


But 
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But if more Exaltneſs be required, it may then be 
called a New r , for a Second Operation , ( as before} 
which for brevities ſake I ſhall omit, and reſt fatisfied 
with this one, as being ſufficient to ſhew bow near, ane 
with what eaſe this Approach hath been made. 

This Chord ,012928 = 4, is nearthe -4- partof 
the Circumference, or Perifery of that Circle, whoſe Dia- 
meter is 2, though leſs than Juſt (it being only the ſide of 
the infcrib'd Polygone) and conſequently if it be Multi- 
plied inte the Denominator of that Fraction, the Produ&t 
will be near the length of the whole Perifery, 


That is, ,012928 x 486 = 6,28 3008 the Perifery 


which is ſomething leſs than that generally received, £0 
wit, 6,283185 as may be ſeen in the works of every 
Geometer ; ſome of which are pleaſed to call os of Metins, 
Van Culen, Snellius, or Hugenius, &c. as Diſcoverers of 
this Number, But as to the Reaſon thereof, or by what 
Methods ir was diſcovered, therein they are filent, and 
leave the Reader to exerciſe an Implicite Faith ; or be at 
the trouble of ſearching into the Volumes of thoſe Authers 
for his ſatisfaftion. But herein I have fav'd my Reader 
that Trouble, and ( as I humbly conceive) given all, wha 
pleaſe to conſider thereof, ample fatisfattion , how they 
may with a very little labour, approach as near the Truth 
25 can be aſſigned (for an abſolute Determination thereof 
cannot be obtained.) Other Methods of Approachmene 
there are ; but this by the Chord of an Arch (be it per- 
form'd by what Seftion you pleaſe) I take tobethe moſt 
Natural and Demonſtrabie of all others. 

Now by the help of this Perifery, 6,283008 (or if 
you pleaſe, that before mentioned 6,28318 5) and its 
Diameter, not only any other Perifery, but alſo the Arez 
of any Circle may be eaſily found, I ſhall paſs over thoſe 
Proportions that ariſe from Squaring the Perifery, or 
Multiplying half the Perifery, into half the Diameter, &c. 
uſually laid down in moſt Authors, for finding the Area, 
And cffeR the fame by a Propertnn very obvious _ 

; | [4 


86 Of finding the Perifery, 
the Annexed Di ; ini i 
T- ——_—— Firſt then far abtaining the Perifery 
Suppgle the Side of the Square, AB =2 = D, 
the Diameter of the greateſt inſcribed Circle , then is 
6,283008 = Þ the Perifery of that Circle (as before.) 
Again , Suppoſe the Side of the included Square, 
sb = 1 = @, the Diameter of its inſcribed Circle ; 
Let p = the Perifery thereof, 


Then it will be 
Dri ::4:39 A ©" B 


— That is, . d 
2:6,283:;:1:3,1415 
Conſequently, | 
8:p::D:£i > - 
That is, B * 


1:3,1415::D:P 


Here D is taken for any given Diameter whatſoever : 
Hence it follows, that if the Diameter of any Circle be 
Multiplied into 3',1415 (or rather 3,141 6) the Pro- 
duQ will be the Perifery of that Circle. 

Next, for finding the Area ; it's very obvious, that 
As the Perimeter of the Square, Is to its contained Su- 
perficies or Area, So is the Perifery of the greateſt m- 
ſcribed Circle, To its Ares. (For a Demonſtration of this 
Proportion, conſider the Scheme, as if deſetted into parts, 
which wilt then be very obvious.) 

Thatis, 4D: DD:: P : A = the Circles Area, 

Or, 44 : dd :: p : @& = its Circles Area. 
m Numbers, 4 : 1 :: 3,1416 : ,7854 = Arev 
It was before found that 4d:p::D:P 
Therefore, 4d:p::4D:ÞP Butqgd:p ::44:4 
Conſequently, dd: a::DD: A 
That is, 1 ; ,7854:: DD: A-= Area 


Here 


» 


and Area of a Circle, #7 


Here DD is taken for the Square of any given Dia- 
meter ; from hence it follows, that if the Square of any 
Diameter be Multiplied into ,7 8 4, the Product will be 
the Area of that Circle, in Square Meaſures of the ſame 
Name with the Diameter ; viz. If the Diameter be 
Inches, then will the Area be ſquare Inches, &c. 

And what is here done, as to the Proportions betwixt 
the Circle and the Square, rhe ſame may be applied tothe 
ENipfis, and Parralellogram made of the Tranſverſe and 
conjugate Diameters of that Ellipſis. But more of thar 
(and other Conical Seftions, with their Solids, Occ.) here- 
after. For it God permit, and 1 find due encouragement 
thereunto, 1 intend to preſent (my Quanaum Brethren) 
the Garugers of Exciſe, with a ſmall Tratt of Gauging, 
not only of Theorems or Rules, but alſo a Demonſtration. 
of each part thereof, both Algebraicaily, and in Words 
at length, with ſome Improvements therein not yet pub. 
liſhed. Bur leaving this Degreſfion , let us proceed to 
ſome farther Appucation of what hath been already 
found. 

From this Perifery 6,283008 of the Circle, whoſe 
Radius is Unity, may_ be eafily raiſed a Table or. Canon 
of Natural Sines, Tangents and Secants. In order there. ' 
to, I take it for granted, that the Sine of one Minute 
doth ſo inſenfibly differ from the length of the Arch of 
one Minute, that without Error it may- be taken from the 
fame. Then.it follows, that As the Perifery in Minutes ; 
Is to the Perifery in Equal parts of the Radius :: Sos 
one Minute : To the parts agreeing to that one Minute. 


That is, 216009 :6,283008 ::1!:,0002 9088=the 


Sine of one Minute, which agreeth with the largeſt Tables 
I ever yet ſaw. Having got the Sine of one Minute, the 
Co-fine thereof is thus obtained, by the Second part of 
the following Scheme. 


SD = Radius, DF = the Sine of the Arch DA, 
Then SF=RD is the Co-ſine of the faid Arch, 
I 2 


Bur 


88 To make @ Table of Sines. 


But the [JSD — ODF= OSEF. 
Therefore / [J SD — Q DF = SE. 


Thar is, From the Square of the Radius, Subſtract the 
Square of the Sine of 1/, the Square Root of the Re 
anainder will be the Co-fine of 17. 


In Numbers 1—,000000084612=,999999915-388 
The Square Root thereof is 99999995 = the Co-lme 
required. 

The- Sine and Co-fine of one Minute, being thus 
Found , all the reſt of the Sines in the Quadrant may 
be cafily rais'd, by Mr. Michael Daries's Sinical Pro- 

art:0n. 

Which (if I underſtand aright) may. be thus propoſed : 
It a-Rank cf Arches be equally different, ſuch as we ſup, 
poſe the Arches 4B, BC, CD, DE, EF, &c. in the Qua- 
drant ASL, of the Firſt part of the Schem, 


Erſt Part. xx K_L Second Part, 


_—_ 
G- 
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Whoſe Sines are 6, c, d, e, f, 8, b, k, and R = Radius, 
or Sine of go Degrees. 
Then the Proportions will run thus, 
e:6 +d::d:c+eorc:ib+d::2:f+6h 
Agun, f:e-Fg::k;hb+R,ord:c +6::8:b6 + h&se 


That 
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As any Sine in the Rank : Is to the Sum of the 
Two Sines next it on each ſide :: So is any other 
That is, X Sine in the Rank : To the Sum of the Two 
Sines next it on each ſide , or to the Sum of 
any Two Sines alike diſtant on each ſide it. 


From hence it follows, that if the Radius be made the 
Middle Term of Two Arches , then the Two Sines on 
cach fide it, may be made the Sines of Two Arches, 
one of them Leſs than a Quadrant, by. one Minure, and 
the other of them greater than a Quadrant by one Minure; 
the ſame Sine being common t » both Arches. 


Then.it will be R:2&t::b6:c +0::c:6 + d. &c. 


As the Raaiws : Is to the double Co-ſine of one 
Minute : : So is the Sine of one Minute, To the 
Jour of Two Minutes, and of o' ::. And ſois 
That is, < the Sine of 2' : To the Sum of the Sines of 3*. 
and 1' :: And ſo is the Sine of 3' : To the Sum 
of the Sines of 4' and 2'. And ſo on in 8 ſut- 
ceſſive order. 

Now: if from the Sum of the Sines of 3! and .1', be 
taken the Sine of 1' , the Remainder will be rhe- Sine 
of 3'. And the like, if the Sine of 2', be taken from- 
that of 4' + 2', the Remainder wil! be the Sine of 
4, ©: 

And by this Method of proceeding, all the Sines in the 
Quadrant may be eaſily calculated, by Addition and Sub-- 
ſtrafion. For the Radius, or firſt Term in the-Propor- 
rions being Unity, Diviſion is eſtaped ; and becauſe the- 
Secand Term varies not, if a Tariffa, or {mall Table be 
made thereof to all. the Nine Digits, then. Mu!tjplication. 
is alſo eſcaped; for by the help of that Tariffa, the 
whole Work may be performed: by- Addition and Sub- 
fira#ien. only, 

Having thus made the Sines, the Tangents and Secants. 
are eaſily found by the following Proportions. See #je 
Second part of the foregomg Scheme. 


I 3 SD=SS4 


SD —=S A, the Radius, D F = the Sine of the 
Arch D A. 


SF = the Co-line of that Arch (as before.) 
_ BA = the Tangent, and S B the Secant of the ſame 


SF:DF::SA:BÞZ 
SF:SD::S84:S858 


As the Co-fine of any Arch, is to the Sine of 
That is, 


Then 


that Arch ; Sq is the Radius, To the Tangent 
of the ſame Arch. 


> As the.Co-ſine of any Arch, Is to the Radis; 
Again, So is the Radius, To the Secant of that Arth. 


I omit inſerting the Arithmetical Operations ſuitable to 
theſe ſeveral Proportions, they being ſo obvious in them- 
Elves, there needs no Example to explain them. 

Other Varieties of Proportions there are, berwixt the 
Sines, Tangents, Secants, and their Complements, which 
I forbear laying down at this time, theſe being ſufficient 
eo accompliſh what I here deſign'd ; which is only to 
Mew how the Canon of Natural Sines and Tangents, &*c. 
amay be raiſed- (or- made) from the effeQs of the Tenth 
Problem. 

Having once made the Canon of Natural Sines and 
Tangents, &c. it will not be difficult to compoſe the Ar- 
mficiat; they being only the Logarithms of the Natural ; 
reſpect had to the CharaQteriſtick of the Radius,. which 
for Conveniency (not- neceſity) is always made 1 o, as 
tho - the Radius of the Natural were 1 0000000000. 
Notwithſtanding it may be more or leſs at pleaſure ; the 
Characriſtick of the Radius being thus aſſign'd; that of 
the other Sines will be 9, till it come to the Sine of 5 
Degr. 44', and there it changeth ro 8. The Reaſon 
x plain, from the Decreaſe of one Place in the Natura! 


Bt 
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But for a further help herein, (and to gratify the Young 
Algebriſt) I have here inſerted a ſhort Specimen of the 
Nature and Conſtruction of Logarithms, which were firſt 
invented by the Lord Neperr , Baron of Merchiſfton in 
Scotland ; who ingeniouſly contrived how to perform 
Multiplication or Dia ſion of Natural Numbers ; by Ad- 
ding or Subſtracting certain Artificial Numbers ( fitted to 
correſpond with the Natural,) called Logarithms. This 
Invention' of his (no doubt) aroſe from a mature confide- 
ration of the Mutual Agreement that is found betwixr 
Numbers in a Geometrical Progreſſion , and thoſe in 
Arithmetical Progreſſion. | | 

For Inflance, Suppoſe a Rank of Numbers in a Geome- 
trical Progreſſion ; and to them let there be aſſigned a 
Rank of Correſponding Numbers in Arithmetical Pro- 
oreſſon. 

24 ] 1.2.4.8, 16. 32. 64. 128 &c. Geometrical 

7% 


0.1.2-3.4+.5 .6 . 7 Oc. Anthmenal 


It is very perceptible, That as the Numbers in the 
Geometrical Progreſſion are produced by Multiplication 
or Diviſion, thoſe in the Arithmetical Progreſſion are pro- 
duced by Addition, or SubſtraFion ; as doth appear 
this Example. 

Re | heya : 123 — 32 = 4 Geometr, 
Vi% ord 


"1%. 


S+53= 7 7 — 5 =2 Arithmer. 

; ] I . 10, 1009. 1000, 10000. 100000 Fc. Geometric. 
Again, : 
| 0.1.2. 3 . 4 - 5 Cc Arithmetic, 


The ſame Agreement is betwixt theſe latter, as was be. 
 eween the Two Firſt Ranks. 


— C1000X10210000 100000— 1000= 100Geom. 
Pt or 


3 +1 = 4  - 4 = & a 
Either of theſe Examples do ſuthciently ſhew the Reaſon, 
and yery Ground of Logwrithms, K 


And 
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And from the latter of theſe it was, that the Prime 
Logarithms, or Characteriſticks, were. firft- aſſigned, as 
appears by this Table, 


py aces A . 
Natural! Num. |. Log arithms. 


I | 0,0000000 
10 | 1,0000000 
700 | 2,0000000 
1009 | 3,0000000 
10000 | 4,0000900 

1 00090 | 5,0000000 


—— — 


Having laid- this Foundation, the next work was to 
find our the Logarithms of the intermediate Numbers 
ſcituared berwixt 1, and 10, wiz. of 2, 3,4, 5, 6,7, &c. 
And of thoſe berwixt 1o and 100, wiz, of 11,12,13, 
14, 15, Cc. ard fo on for the reſt. This was a Work 
of ſome Dificulty, and very Laborious. 

The Firit Step in order thereunto (as I conceive) was 
to find out a Rank of continual Means berwixt 10 and 1, 
fo as that the laſt (and leaſt thereof) might be a mix'd 
Number leis than 2 , and fo near 1, as to have ſacha 
Number ot Cyphers betore the Significant Figures thereof, 
as was intcended the places of Logarithms in rhe Table 
ſhould contiit of. Which Means are to be found , by 
Extracting the Square Root of 10- (having firit annexed 
a Comperert number of Cyphers thereunto.) Then Ex- 
tracting the Root of that Root, and ſo by a continued 
Extraction of Root out of Root, until there be a Root f> 
qualified as betore mentioned. Which to make a Table 
to Seven Places in the Logarithms, will require Twenty 
Five ſeveral Extractions, the laſt of which-will produce 
tais Number, 1,00000006862228 

The next Step, was to find out a Number betwixt (1) 
and (0) in Arithmerical Progreſſion, that might truly cor- 
ze{pond with the Mean before found (betwixt 10 and 1,) 
iuch a Number muſt conſequently be its Logarithm. a 
t 
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this may be found by a continual biſe&ting (or halving) 
of 1, ſo often as was the Number of the foregoing Ex- 
trations (to wit , Twenty Five,) the laſt of which Bi- 
ſeftions will produce 0,00000002 9802 322 &c. the 
true Logarithm of 1, 00000006862238. 

For as 1, 000000068622 38 by Twenty Five con- 
tinned Involutions (viz. firſt into it felf, then that Pro 
dud into it ſelf, and fo on ſucceſſively) will produce 10 
ſo will 0,00000002'9802 32 by the like Number of 
doublings and redoublings, produce 1. 

This Mean (or Number) and its Logarithm being thus 
found, it will follow by Proportion. 

As the Significant Figures of this Mean : Is to the Sig- 
nificant Figures of its Logarithm :.: So is the Significant 
Figures of any Mean, betwixt any given Number and 1 : 
(having Seven Cyphers before ſuch Figures : as this hath) 
To the ſienificant Figures of its Logarithm. To which 
muſt be prefixed Seven Cyphers to compleat it. After 
which: betng doubled, and redoubled- according to the 
number of ExtraCtions required to produce it's correſponed- 
ing Mean, will at laſt diſcover the true Logarithm of the 
given Number. For the clearing of this, take an Example. 

Suppoſe it were required to find the Logarithnr of the 
Number 2, to Seven Places. Firſt by a continued Ex- 
traction of Root out oft Root, beginning at 2, find ſuch 
a Mean (or Root as before) berwixt 2 and 1, as will 
have Seven Cyphers before it's Significant Figures ; which 
after Twenty Three ſeveral ExtraCtions, will be this Num- 
ber 1,000000082629y58. Then according to the 
foregoing Proportions, it will be 


6862238 : 2980232 :: $262958$ : 35 $8557 


to which prefix Seven Cyphers, as before dire&ed, then 
will 1,0,00000008269958 have for its Logarithm 
,00000003588557 Which being doubled and re- 
doubled (as aboveſaid) will produce 0,3010299795 8658 
the true Logarithm of 2, which being contracted to Seven 


Plaggs, according to the firſt. Deſign (and agreeable -- the 
ven 
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ven Places of. Cyphers,) then it will become 0,3010299 
Bar in all the T:bles _ [ have ſeen, the Legarithm 
of 2 is 0,3010300 I conceive the Reaſon is, becauſe 
the remaining Figures 795 8658 come {o near Unity 
of the laſt place in the rerained Figures. 

And by the fame Method thar this Logarithm of 2 is 
made, may the Logarithm of any other Number be found. 
But when once the Logarithms of a few of the Prime 
Numbers, wiz. of 3.7.11. 13. Oc. (that is, of fuch 
Numbers as cannot be produced by the PIs 
Two lateger Factors) are obtained, the reſt may be eaſily 
compeſed by Adaition and Subſtratiion only. 


For as 3x2 =6 So Log. of 3 -+ Log-of 2 = Log. of 6 
Andas 102 =5 SoLog.of 10— Log. of 2 =Log. of 5 


The like of all Numbers that have Aliquot Parts (that 
is, ſuch Integer Numbers as maybe divided by: Integers.) 
And indeed the Logarithms of ſeveral of the Prime Num- 
bers, may alſo be obtained by Addition or SubſiraFton, 
as might eafily be ſhewed, and is not difficult to conceive 
by. any one, who but duly confiders the Nature and De- 
| fign of Logarithms, and hath-been but a little converfant 
in their uſe, of which I ſhall forbear ſaying any thing at 
this time, and keep to my firſt Deſign herein, which was 
ro give a brief Account of the Ingenious Author's Method 
(as I conceive it) of making the fame (who undoubtedly 
fomd it a very difficult Work, by reaſon there is required 
ſo many ſeveral Extractions of Roots out of Roots, 
which muſt needs render it both Troubleſome and La- 
borious.) Then to propoſe a different Method of raiſing 
the Logarithms of ſuch Prime Numbers before. men- 
tioned (which require the Extraftion of Roots to obtain 
their reſpective Means ) with one Tenth part of the 
Trouble and Time required by the foregoing Methad- 
And not only fo, but more exa&t ; for by our preſent 


Methods of Converging Series, the Root of any Power - 


how high ſoever it be, is eafily found at one ſingle Ex- 
traction; and thereby the Errors which would ariſe by 
Extracting 
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Exrrating a Surd Root out of a Surd Root (eſpecially 
when often repeated) are avoided ; and conſequently ſuch 
a Mean as may be required berwixt any Number, and 
Unity is thereby more exaftly found. 

Now how this may be performed, I here intend to 
ſhew, as briefly as I can, In order thereunto, take this 
2s a Model. 

Let a = the Root; or Mean required betwixt any 
Kumber and Unity, 

F=Us . .f=f. =O, 
Tin a= OS. -=He. = tho 
= La . HZ Ugg ff =0,00 


And ſo on ſucceſſively with the Indices in Geometrical 
Progreſſion, until the power of (4s) be made equal to 
ſuch a Term in that Progreſſion, as that the Rooer, or value 
of (4) may have betwixt Unity , and its fignificant Fi- 
gures, ſo many Cyphers, as are the intended Number of 
Places in the Logarithms. 

For inſtance, let it be required to find the Mean between 
10 and 1 (as in Page 92) then the Power of (4) muſt 
be q3355443? — 10 this Index 33554432 being the 25th 
Term in Geometrical Progreſhon, which may be thus de- 
termined. 

Let 1 the Charaeriſtick, or Logarithm of 10, be 
divided by ſuch a Term in Geometrical Progreſſion, as 
will cauſe ſuch a Number of Cyphers to be before the 
Significant Figures in the Quotient, as are required to be 
before the Figures of the'Root (4) ſuppoſe 7 (as before) 


Then 1 — 33554432==,90000000 2980232 &c, 


which is the true Arithmetical Mean (as before found, 
by a continual BiſeCting of 1) correſpondent to that fig- 
nified by (a) And therefore the value of (s) found by 
extraQting the refpeCtive Root of 10 = 4335544? will be 
the Mean required, 

Viz. 1,000000068622383 whole Log. is ,00000002980232 


Theſe being found are the Foundation of the reſt,as __ 
n 
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Then ſyppoſe it be required to find the Logarithm of 
any of the Prime Numbers ; if you pleaſe that of 2. In 
order thereunto, Let # = the Root, or Mean ſought be- 
twixt 2 and 1 ( as before,) then mult (a) be continually 
Involved, (as by the above Model) until its Index be equal 
to the :greateſt Term in Geometrical Progreſſion, whoſe 
Number of Places of Figures are to be equal to the Nnm- 
ber of required __ before (a) to wit 7. According to 
which the Power of (&s) will be 438593 = > (this 8388609 
being the 23d Term in Geometrical Progreſſion) conſe. 
quently the reſpeCtive Root of 2 = q*35598 will be the 
Mean required, 


Example. 
Let r be= 86 
Then will 3388658 += $38 $608 83885) « 
—+ 351843678945 28 p$388505gg — 8388508 — 2 
Suppoſe r = 1 


Then 1 + 8388608e  351843678945280e=2 
Tharis 8388608e + 35184367894528ee =1 


Each part being divided by the Coefficient found pre- 
fixed to ee, viz. 351843 Oc. Then it will become 


,00000023e +ee = ,00000000000002384 = D 


D 


Conſequently, $2x55a6700 = 


,00000 00000000284 = D 
,0000002 3 2.48 (00000008 8 
+ e=,00000008 3s 
Diviſor , 0000003 1 


mt y= 1, 
—— eg = ,000000098Y 


New r = 1,00000008 


Which being duly Involved (in the ſame order as the Mo- 
de] denotes) and Multiplied into the reſpecuve Cocthcients 
W 
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will then produce theſe Numbers 

Viz. 1,9563638967 + 16411168e+ 68833416066289ee >2 
Then 164111688 + 68833416066289ee = 0436361033 
And , 00000023840 4-86 =, 003393 =D 


Conſequently, ] 


D 
$00000023 84 +e 


—#t 


,00000000000000063393 _ 
,0000002384 480 (,00000000263 =e 


+ e£== ,0000000026 15393 

Diviſfor ,0000002 4 © 14460 

Divifor ,00000024 10 . 9330 
7230 


Laſt y= 1,00000008 
+ e= 4,0000000026 z 

New r — 1,0000000826 3 

I take only 1,0000000286 =r. The which being 
layolved, and ordered as before, will produce theſe follow- 
ing Numbers, v:z. 
1,999503684867 + 16773028e + 7035126745 4084ee = 2. 
Then 16773028e +-70351267454084ee = ,000496315133 
,5000002 3 $4.1 $6e + ee =00000000000000000705 481443 =D 

D 


equently, — 
Conſequently J EE, . 


100000000000000000705481443 =D 

,0000002384186 47686 (,0000000000295 8 
+ e = ,0000000000295 2286214 . 
Diviſor ,00000023843 2146023 
Diviſor ,0000002 384.47 14019143 
Diviſor ,0900002384481 # 11922405 

*20967380 (379 =e 

1907 5848 


* Here defift forming 


2 new Diviſor, and make 189153 , 
we of the Abridgment, as 166913 


'n Pag. 52,and elſewhere. 22239 
214596 

Laſty = 1,0000000826 

+ e = ,0000000000295879 

a = ans LL 


98 HYVaking of Logarithms, 


This value of s = 1,0000000826295879 is the 
Geometrical Mean berwixt 2 and 1, as was required ; 
(agreeable to thar before found, by Twenty Three ieveral 
ExtraCtions.) And by this Method of -proceeding, may be 
found the Mean betwixt 10 and 1 viz. 1,00000006862228 
or betwixt any other of the (before mentioned) Prime 
Numbers and Unity, as might eaſily be ſhewed. But for 
brevities ſake, I ſhall omir PR_—_ Examples thereof, 
this one being ſufficient ( eſpecially to rhe Ingenious ) if 
well conſidered, and but once underſtood, to ſhew the na- 
rure of, and-manner how, to proceed upon the like occa+ 
fion, of finding any propoſed Mean. The next thing will 
be to find the Logarithm of the Namber, from whence 
ſach Mean was produc'd, which may be thus perform'd. 

Firſt, find its correſponding Arithmetical Mcan, or Lo- 
garithm, by Proportion ( as in Page 93,) Then Multiply 
that correſponding Mean (fo found) into the Index Num- 
ber of ſuch Power as the Geometrical Mean was 
from ; that Product will be the Logarithm of the given 
Number (without a continued doubling and redoubling 
2s before.) For the clearing of this, let ic be required to 

compleat the Logarithm of 2. 

Having firft found 1,00000006862232 theproper 
Geometrical Mean betwixt 10 and 1 Alfo its correſpond- 
ing Logerithm 0000000 29802 32 (as before directed) 
with them, and the Mean berwixt 2 and 1, laſt found, 
Viz. 1,000000082 629587 9 make uſe of the above- 


mentioned Proportion (as in Page 93) Viz. 
6862238:29$0232 :: 826295879: 358855729 
ro which prefix Seven Cyphers to compleat it (as before) 
Then it will become ,o000000358855729 This 
Number being Mulriplicd into the power of a ( what 
that is, ſee Page 96) will produce the Logarithm of 2. 
Viz. ooocono} 58855720 x 8323608 =0,30103000391 352 
Bur according to the firſt Deſign, it is required to have 


bur Seven Places, vez. ©,3010300 Which is the true 
Azgarithm of 2 without any detect. _ 
vs 


v=<xz 5 Aa c@ 
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Thus I have preſented you with a New and Expeditiqus 
Method of making Logarithms, which if they were re- 
ny to 14 Or 1 5 Places (1 can Modeſtly ay) might 
then be made with one Twentieth part of me and 
Trouble required by- the firtt Method. 

Before I conclude, it will not be amiſs to inſert an 
Example os Two of ſuch Aquations as have all-their 
Terms in them. Suppoſe this Equation - were given , 

aaa + bas — da — G, what's the valuc of af 


In Numbers a8a + 43820a— 78254 =98508430' 
b = 438 dA = 7825 G = 985084309 
Let r +—e= 4 


rr —— 3rre + 3700 = 4448 
Then < bry +— 2bre + bee = bas 
— ar — &e = — 4a 


\ Suppoſe y =4 then y» = 16 yer =6 brr=64 
and dr = © (for there is no Figure under the Furſt 
Point at 4) Then doth rrr + brr = 128 > 98 
Ergo r | 

Rr >= $080 theate willy | 
— 27 000000 + 2700008 + gyooee 
+ 39420000 + 2628008 + 438ee &= G 
347 F00 -- 752.96 
That is, 64072500 + $24975e + 1338e&e = G 
Then 524975e + 1338ee = 34435930 
And 392e ee = 25736 = D. 


Conſequently, 3 HI 


392 --e 

392 Ro 
+= Fo 25736-= D 
Diviſor 44 Kt... 6 =05 
=me= 8 3736 (1=e 
Diviſor 450 3600 

Laſt yr = 300 

ko g-== F395 


New r —= 358 I take but 350 =r 
This New r being Involved and Mukiplied into the 
K 2 cients, 
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Coefficients , as the Species above directs, it will be 
— 42875000 + 367500e + toFoee 

'——+ 53655000 + 3.066098 + 438ee 

— JLJ38750 — 7825e 


That 15, 93791250 666275e + 1488ce —=G 
Then 666275e + 14888&@e = 4717180 
and 447,76e Hee = 31709,1478 = D. 


D 
EC —  — —————— 
nſeqment'y' Cn +: —* 


447,76 3170,1478= D 
+ e = 6,99 271 (6,994 =e 
Diviſor 453, 452,14 
Diviſor 45 46 _ 42314... 
Diviſor 454,75 430078 
409275 
208030 


Laſt y = 350, 
=- = 6,994 
4 = 356,994 


In this Proceſs, I humbly conceive, there is no difficulty 
appears; that which ſcemeth like one, is the placing ot 
the firſt value of e = 5. Burt if it be conlidered, that 
there muſt be Three Places of Integer Figures in the Root 
(as appears by the Points) and thar this 5 is to be the 
Second Figure thereof, it will be eafie to determine that 
Ts place muſt be under the Second Figure of the Diyior, 
UIL. 9. 

This Conſideration will be very helpful in all Caſes 

where the Root confilteth of moſt Integers: As for Decimal! 
Figures they place themſelves, 


FROB. 


>..d © 


| 


and-their Equations. 10x 
P ROB. XI. 


the Oblique Triangle , C AD, there is given the: 
Pa AD, and the Sum of the othee Two Sides, v1z. 
CA+ CD; alfo within the Triangle, there is given 
the Line AB, ſo drawn, as to make the included Tri- 
angle C A B, Right-angled at A 


Thence to find 'our the Side G4. 


Let 
CA+CD=z) F £ —FÞ 
FÞ==s& _— - © = 26 
- MS = Þ® S = 2 


C 


Draw the Line DF, pararallel to 4B, and cominve- 
the Side C 4 to F, then they Triangles, C AB, CIT 
will be alike. 


Lear CA=a# AF =e and FD = $7 
Then, ['| t — &4:= CD, by the Prob. 


a4 + 6b = © CB, by the Schewe; 


1:O-2 [2|.22 — 228 a8 = 7 CD. 
but [3 |zz—2z4+a5s=as + 24e+ te+ }# 
3 — 44] 4 | 23 — 248 = 24e + 8e + )»- | 
but 5 dad = ee + yy 
4 —S5|6]| 22 — 228 — dd = 284e 
Let |[7]|zf =z2z2 — dd 
6,7, |[$]2f — 224 = 2.8e 
$—Z|o| f— za =ae 
10 
Fi 


| y a8 06 = CB. 
» K 2 Bot 


ww | 
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Bur ® CB:CA::CD:CHE 

IS 13] Vas + 66:4: —4a:a+e 
* [14] 24 — 48 -= Vas +66=a+e 
I] f—2za4—84=e 
+8 jf —2za+aa—4a=4+c 
28 — 8&8 ff — 2a + a4 
aa + bY © a 


244 — 844 _ | 
_—_ =f— 248 + aa 


£8 — 83 
f—2a+88 


= Jaa— bb 


And '21 244 — &#0as6 _—_ 
| _ "FF annals 


This 21ſt Step, or laft Equation, being firſt Inyolyed, 
ehen brought out of the Fraction, and reduced into Num- 
bers, will produce this Zquation. 

— 201344484 + 125 Cogans —2464230,25 88 
wi 354683074 = 274183922,2:5 


Each Member thereof being divided by 2018 the 
Faftor of the higheſt Power of &, that fo the fame may 
be cleared, will bring down the Aquation to this, * 


— 8448 + 62,1248. — 1221,1248 + 


wh- 17575,9694 = 135$69,1388 

Let the Zquation 'be- made- 

— 4424 + baaa — aan + fa'= GC. 
Rere 62,1 =6, 1221,12=4d 


2 17575,969 =f_.135869,1388 = G. 
o Pat 


IS. X £ 24 — £—= f— za+a'xvaat+ 6+ 


>» dw) 


A wa 


Co —_ 


and their Equations; ro x 


Put Fr +e= a, then 


+ bryy + 3brre + 3bree = + bat 


— dry —- 2dre — dee = — das 


+ fr + fe. ee = +fs 
Let ry = 10, themibwillle 
— [O000 — 40008 — 6OOte 
-- 62100 +18630e +1863e 
— 122112 — 244+$22e—1221ee 
wh 1757 $0. LIFE oe. cc 
That 1s, 1055'4.7'=+ 7783e + 42e = 135869, 
Then 7783e + 42ee = 30322 
And 185,6e ee = 721,95 = D- 


— Cc. 


D 
Conſequently, 3 Fe; = 0 


185,6 72h,9% = 
+ e = 3,8 —_ (3,8=e 
Diviſor 188 15795 
Divifor 189, 4 IFIF2 


Firt » =10; 


+ e= 3,8 
New y = 13,8 I tzke but Two Places, . 


wo-wit, = = 13, Which being Involved, and duly 
Multiplied into the reſpective Coefficients , will produce 
theſe following Numb: 5. 


— 28561,00 — $788,008 — 1014,00ee 
V +136433,70 + 31584,70e + 2421,90ee 
iz ) —206369,28 — 31749,1284 — 1221,1280 


+228487,60 + 17375,97e 


That is, 129991,02—862 255e + 186,78ee = G 
Then $623,55e + 186,78ce = 5878,1188 
And 46,169e + ee = 31,470814 = D, 


Con- 


LE . 
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D 
Conſequently, 1 pr — — 


46,196 31,470814 = D 
= e= C73 28,02 (,6735 = # 
Divitor &46,7 3,4508 
Niviſor 46,83 3,271 
Diviſar 4 6,842. 172714: 
140526 
321880) 
2L$1052 
lat r= 13, 


ee = 26736 
8:= 13,6736 


This Problem 1 iryented, and Reſolved* about Sixreen' 


Years ago (living then at Cheſter) from whence it was: 


Ent {by 2 Friend of his) to one Joby Wird;. then and' 
ftil a Mathemarical Profefior in Londen, from whom I 
was (promiſed) ro receive a Solution thereof, but never: 


did, either from him , or others , until I met with it in 


Mr Raph on's before mentioned, Analyſis, Page 24, where 


the ſame is brought to an Aquation by a different Proceſs, 


to what I then did, and have here done. 
This I thought convenient to inſert, not for that 1 ſap: 


poſe this Problem fo very difficult {tho knotry enough): 


but becauſe I have here a fit opportmity to fignifie 
to the Reader., thay I am. not a New Pretender to this 
Excellent Art, having been converſant in- It ( and other 


parts of the Mathematicks) near Twenty Years, yet never: 
thought ir proper to appear in Publick , until 1 had fome-- 


thing to preſent the World with, worth (as I humbly con» 


ceive) thcir acceptance : Whether this Tract be ſuch, os 


act, L lcave to the Conideration of the Ingenious. 


 — 


FINTIS, 


| 
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A SHORT 


APPENDIX 


CONCERNING 
Compound-Intereſt., and Annuities. 


Y Deſign in this Appendix is only to ſhew. how 

ſuch Queſtions in Compound-lInterelſt, &-c. as have 
heretofore been very difficult, (if not impoſhble) to be 
performed (without the help of Logarithms,) may. now 
be cafily Reſolved, by the foregoing Method of Extract- 
ing Roots, without the aſfittance of any Tables whatſo- 
ever. 

In order thereunto, I ſhall firſt touch upon thoſe Genezal 
Heads that comprehend the whole : Then lay down fuch- 
Theorems, as (if well conſidered, and truly applied) will 
Reſolve all Queſtions therein; giving ſome few Examples 
in Numbers, eſpecially in thoſe Queſtions whoſe Solution 
depends upon the Extrattion of Roots. . 

And herein Ile not diſpute the Lawfulneſs or Unlaw- 
fulneſs of this ſort of Intereſt ; only thus-far it feeras (to 
me) rational, that if ir be lawful to take Interelit ar all, 
then it's as lawful: to put out the Iatereſt-Money to ule, as 
the Principal : If fo, why. may. ir not be joyned to the firlt 
Principal (or prime Stock) as it becomes due, thereby 
creating (as it were) a new Principal, which if granted, 
then is the growing Intereſt properly called Intereſt upon 
Intereſt, or Compund Intereſt, the Computation of which, 
is no more but to find out a true, or juſt Equation of Pay- 


ments 


Ar 
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Fer inflance, Sappoſe A and B, to reprefent Two Per- 
ſons: Then if A pay to B any Sum of Money betore 
the time it becomes dne (or ought to be paid at) ir is bur 
reaſonable that B ſhoald make a proportional Allowance 
by Diſcount to A, for ſuch time (according to the Rate 
of Intereſt agreed upon.) But on the contrary, if 4 pay 
not ſuch Sum to B, until after the time 'it-became due, 
by the fame Reaſon 4 ſhould make an allowance to B, 
by Amount or Increaſe tor the time he kept fach Sum after 
it became due. Upon theſe Two - Caſes depends all Que- 
ftions relating to Intereſt, either Simple or Compound. 

For the Reſolving of which, the beſt way is to ſtateor 
form the Queſtion propoſed, as - though the Demand lay 
vpon one Pound only.: And having found z fit Anſwer 
(accoxding to the iraport of the Queſtion) for one Pound, 


(to-a convenient Number of Decimal Parts) Mulriply the 


Sum or Number of Pounds, &-c. propoſed in the Qyeſtion, 
into that Anſwer 2grecing to one Pound, the Product 
ariang. therefrom, will be.the Anſwer required. 

For the eaſter expreſiing of the ſeveral parts given or 
fought, 1 make choice of theſe Letters. 


P = the Principatd given or {ought in any Queſtion. 
or Number of Years or Days, &<c. 
given, or ſought. 


of one Pound , for one Year, or 
s — the Amount <\ Day, ©«. accorging to- any Rate 
2 propoted. 


So ths hr qo Amordnt of Principal and In- 
TEE tereſt, given or ſought: 


? = the Time 1 


Where Note, That in the Caſes of Compound-Intereſt, 


(t) E the Index of the Power of (3) 
Now far the raifing a General Theorems by which all 


Queſtions in Compound-Intereſt may be Reſolved, conli- 
der theſe Two Proportions. l 7 


Firſt, 1]: @::8; 44:: 44 ; 444: 444: 4448 &KC.in—= 


Thar: 


& 2.9 


Zrountded upon a Rank of Geometrical 


Yn Ippendir. I O7 


As one Ppund : Is to its Amount, (or one Pound 
with its Intereſt) at one Tears End :: S0 15 that 
Account : To the Amount of one Pound at twe 
Tears, and ſo on. 


From hence ir is evident, That Compound-Intereſt is 
; Proportionals Con- 
tinued ; the laft of which is known by the Number {ſignified 
by (ft) and is af, 

Secondly, 1/: af :: P:2z Ergo Pat =2z 
As one Pound: Is to the Account of one Pound, 
for any time propeſed :: So is 10. 100. 100 or 
any Sum propoſed: To its Amount, for the ſame 
£1 me. 

From theſe Two Propertions, I preſume the General 
Theorem P a* = x is ſuſliciently demonſtrated, and may 
be clearly underſtood. 

Queſt I. Suppoſe 250 1. hath beem at Intereſt Seven 
Tears, What doth it amount to, at 6 per Cent. per Annum, 
Compound-In ereft ? 

Here is given P =250 #*=7 and a = 1,06 
For 100:6::1:1,06 = 4 the Firlt Year; Then it 
follows , that if @ be Involved fo often, until its In- 
dex = &, wiz. a” = a. And then Multiplied into P it 
will produce z as appears by the Theorem Pg =z 


Burt &@ = 1,06 ©» 7 times = 1,50363 

And 250 x1,50363 = 375,9075 =2 

That is, 3751. 18s. 2. is the Sum produced from 
250 {. having been at Compound-Intcreſt 7 Years, ( as 
above propoſed ) | 

Queſt IN. Suppo? 375 l 18's. 2 d. were ?0 be paid 
Seven Tears hence, What is it worth in yeady Money , 
abating 6 per Cent. per Annum, Compound-Intereft ? 

Here isgiven 2 = 375,9075 3 = 7 and @ = 1,06 
20 find P. : 
General Theorem P sf = x, therefore 2 — & =P 

| Buc 


That is, 


That is, 
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But & = 1,06 ©- 7 rimes Z 1,50363 

And 375,9075 — 1,50363 = 250 =P. 
Anſwer it is worth 2 5 © /. Ready Money. 

Queſt. II. Suppoſe 250 1. hath been at Intereſt , and 
the . Amount is 375 1. 185. 2d, at 6 per Cent.Com- 
pound Intereft, How long hath it been foreborn. 

Here is given P=250 & = 375,075 And 41,06 for 
one Year. Thence to find 5 = the Index Power of 4. 

General Theorem P at = 2. Therefore z — p = &t 

Conſequently if a* be continually Divided by &, until 
it. become 4 — 4 — 1 the Number of ſuch Diviſions 
will be = t. For ſuch Number of Diviſions diſcovers 
how oft (a) was involved. 

But 37$5,9975 — 250 = 1,50363 = at. 

And 1,50363 — 1,06 = 1,418518 

Again, 1,4i8518 — 1,06 = 1,338$822 
And fo on, until it become 1,06 -— 1,06 which will be 
at the Seventh Operation. 

Then will : = 7 the Number of Years required. 

-Queft TV. Suppoſe 2501. hath been forborn Seven Tears, 
and the Debtor is willing to give up both Principe! and 
Intereſt, proffering 3751. 18s. 2d. to be cleared, 
bat Rate of Intereft per Cent. (allowing Compound In- 
of arth bereby offer to the Creditor ? 

cre is given Þ = 250 2 = o75 andt—= 
is - 5 375,907/sS5 7 

General Theorem Pa* = & Therefore 2=p = 


That is & = 7 Conſequently, Y'z —= Þ = 8 
But z =P =1,50363z = G 
Put > +e = a. 
r] + 7riee-21rfe= 4a” = 0G 
3” rear @=2! 


Then £377 + re ++ 3c = 3G er 


1G 
C 


Fear JA = To — ir =D 


Herge 
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Hence ariſeth this 
D 
Theorem $=—==6 
la F=r 1560363 = G 
214804 => G—# 
— 142857 = > rr 


'3-- PX 


oe 0 i. 071947 = D & 


"IA. ——_— O a 
Divifor 1,18 7 
Firſt, y = 1, ,214$0428= 5 .. 
== o6 16051432 = 1G — 7! 
New r = 1,06 — 16051428 = 3 wr 
,00000004 


From hence it appears, that 1,06 = @ 
Then 1 :1,06 :: 100: 6 = the Rate of Intereſt re- 


- Quired, 


Bur if in any Queſtions, either of Imereſt or Annuities, 
the rime given or ſought, be not terminated by whole 
Years (& bee) bur lies upon Weeks, Months, Quarters, 
half Years, Three Quarters, &-c. the beſt Method for Re- 
ſolving Re. Queſtions, is firſt to Reduee ſuch Broken or 
Fractional parts of the Year into Days, Vee. 3" = 7 Days, 
iz = 30,4 Days, {4 = 9125 Days, + = 182,5 Days, 
3. = 273,75 Days, and fo for any odd Number of Days 
that falls betwixt tach even parts of the Year. This being 
done, fin an Anfwecr, according to the Demand of the 
Queſtion (and agreeing to one Pound as before) tor the 
Number of Days prupo'ed. Now for the performance of 
this (and as a Foundation for the anſwering all ſuch Des» 
mands as lies upon the parts of a Year, be they Equal or 
Unequal ) it will be requiſite to Refalve this tollowing 
Queittion. - 

Teat 1s the Amount (or if you pleaſe the Intereſt) of one 
Pound for one Day; as 6 per Cent. per Annum, Compound 
Intereſt ? 

For the Amount ſought, put , then (according to the 
laſt Line in P.zge 106) it will be, 

1:4::4; 44 :: 484: 448:: 444: MhM8 — 
L That 
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As one Pound: Is to its Amoent for one Day +: S# 
That is. '* fat mount : To the Amount for Two 
Days : : And ſo is that of Two Days : To that 
of Three Day: : And ſo on to 365 Days. | 


The laſt of which will be @3*5 = 1,06 £ 


i Put r +e= | 
VL 
4 P355 + 3651364 e-þ 66430r3See = 1,060 =EC 
ky \ A354 1595 + rife + 182733 @ = $45 G 
= FF = re +: _o- ee = $55 @—== 150 


—_ L. PP 


re 13820 = 


Theerem 5—2 F= = 


' 
Let r=1, 002 90410= 5, Cre 
+ 182e= 0182 —,002 273972 =p; rr : 
Diviſor 1,0182 00016438 = ' 
10182 (,00016=8 t 
New r = 1,0001 —6:5600® - ' 
— 1$2e = 4901092 Co661t2 
Diviſor 1,01102 Eons. 
New r = 1,00016 for a Second Operation. { 
Then is ,00274025636372 = 555: Go 36 ( 
' And — ,00274060280986 = 5-wr 4 
Hence ir appears the Exceſs lieth upon 55-7", and 
therefore the Difference, Or New Refolvend, will have ? 
the Sign — and conſequently i it muſt be — e- f 
—_— 0000003464461 4 _ 
y=1,00016 30003 162 (—,0000003 =0 4 
— 18202 1,0000546 46414520{— 464=t 
Divtor 1,0001054 40004216} © . 
E510304 4J 
Laſt r = 1,00016 6000630} 
8 — e= 9000000346 4 ; 409674 
iq & = 1,00015965206 ; 400049 


This Value of &#, is the Amount of 1 7, for one Day; : 


rom 
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' From which, if 1 /. be Subſtrafted, the Remainder 
0001596536 will be the Intereſt of 1 4 for one Day.” 
quently, if any propoſed Sum be Mulriplied into ej- 
ther of theſe, the reſpettive Produtt will be the Amount, 
- or Intereſt of that Sum for one Day, 
And if from hence, were Calculated a Table of the 
c ſeveral Powers of &, it would then be 
: 4.8 .4", at. 55. 0a* o& — the Amounts 
to. $3. 4. 5 67 ERS, 
andfſo continued on t» &* = 1,06 the Amount for 
365 Days. 

This Table would be of good uſe for the ſpeedy Reſol- 
ving of all Queſtions relating to Compound Intereſt, &«c, 
for any number of Days leſs than one Year, as might be 
JO caſily ſhew'd ; but I ſhall omit giving Examples thereof, 

: what hath been already deliver'd , being ſufficient ( if 

conſider'd, and once underſtood ) to render the whole 
Bulineſs of Compound Intereſt Eakie : Neither indeed can 
—6 thar of Annuities, Penſions, and Leaſes in Reverſion, &Cc. 
be then difficult ; their difference being only this, Com- 
pound Intereſt is grounded upon a Rank of Geometrical 
Proportionals continually increafing (as in Page 107) the 
bulineſs of mmuties, &c. is grounded upon a Rank of 
Geometrical Proportionals ( but) continually decrealing , 
And may be thus expreſsd. 
and — the $ Penſion, or Annuity ;and isthe firſt or gyearelt 
ave th 1 Term in the Progrellion. 
| t = the Time of Continuance (as in Intereſt) and 
the Number of all the Terms except the Firit. 


SY 


_ s = hed Rate of Intereſt for one Pound (as before) and 
th, ty ; - is the common-Ratio of all the Terms. 
Bs Sum of all the Terms, except the firſt, and is 

ho ne. the Price, or preſent worth of any Annuity, 

or Penſion, &c. 
Theſe premiſed, the Progreſſion will be 

>: | he, 4 . Tz . | ah —_— — &c in 

ay 3 8 "8 "a8 88 * 6 ey en” . _-- 


© « 


until it <become > "Dh wail the Iifex-vf he 
Power-of + be cat ens} Crate of the Þ 
Annuity. In this Pogetica > ye hen 


Then z _= wil be he Sun of lhe Aarcoeni 


And z — = will be the Sum of all the Conſequents.. 


As one of the Antecedents : Is toits Confequent : 
Then- & So 1s "The Sum of the Amtecedents :. Td the Sum f 
; the Cinſequents (vide Page 25). © 


PÞ = P 
_ That is, "I F Ot ng 
pp'_=zÞ_ PP 
Ergo 2Þ — — = — = hea 


Thar is, 28 —2=2 —_ — Or £42 =p=S 


- this Xquation may all the Caſes in Annvftties er wo 
&-c. (that are: bounded by Time) be Reſolved, 
ig deere ane Dome the ſeveral partstheretf, —_ 
ind Demang of the Queſtion requires. 
"Pot inſtance, $ Suppoſe. the Yearly Penfron"or Leaſe, Tears 
e , and Rate of Intereſt were-each given, 
bence #0 find the” worth thereof in preſent Maney. 
Heres given P, #, and -4, tro tind 2. 


P __ 
The Equation WS— EDDIE therefor zZ=P = 


8 — 

The like for Ending any of theother Partyyvzz. P, tr, ora. 

Fonteve'! ir needleſs to ſuit Arithmetical Examples there- 

being rm'd.in ali -re{peQs like unto thole 

of Moore” 1 | rheretore leave them torhe Exercilt of 
the Practitioner. To whom L wiſh all good ſaccels.. 


. % 
- 


.” - > = 


. . hy Y 
- k 


4 . 
 , 
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until it -become —> That is , until the Index of 'the- 
Power-of 8, be equal to the time of Continuarice of the 

| ; } | | 
Annuity. In this Progreſhon —s the laſt Term | 


P - > ; Þ | _ 
Then z — 77 will be the Sum of all the Anteoaventy, 


And 3 — = will be the Sum of all the Conſequents.. 
As one of the Antecedents : Is to its Confequent :: 

Then- & So is the Sum of the Antecedents :. Td the Sum of 
| the Can/cauents. (vide Page 25) ed 


Ls 


SEES Bi 1p 
"Thats, Pit ten mn Din, 
_-R- PP 
SED 2 = 7: ua 
| | E P 
- That is, ,28 == = — Or Lum ED _— 


By this £quation may all the Cafes in Annvfities or Pen- 
fions, &-c. (that are: bounded by Time) be Refolved, b 
rranipoling antordering the ſeveral parts'there&f, accord- 
ing asthe Nature and Demand of the Queſtion requires. 

ar inſtance; Suppoſe.the Yearly Penfron or Leaſe,” Tears 

Cantinuance , and Rate of Iniereſt were each given, 

pence #0 find the worth thercof in preſent Money. 

Heres given P, #, and -4, to tnd &. 


of So! E: 
The Equation z3—z = —= theretors 2 =P __ 


a — } 
The like for Sanding any of theother Partyyu:2. P, ft, org. 
F conceive ir needleſs to fait Arithmetical Examples there- 
unto; they. being perform'd. in ali reſpeSts like unto thote 
of larereſt. 1 ſhall therefore leave them torhe Exerciſe of 
the Practitioner. To whom 1 wiſh all good ſuccels... 
FD. 
' { <g=ail 


